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Muon dE/dx and Range Tables for Tevatron Energies:

Results for Some Shielding Materials

G. Koizumi

In designing an upgraded muon shield, the existing
calculations for the muon energy loss rate (dE/dx) and range had to
be extended to those energies expected from the Tevatron. Previous
technical memos (TM-229! and TM-2682) provided results for energies
up to 5@ Gev. TM-229 gave results which considered contributions
from collisions, i.e., atomic ionizations & e#citations, pair
productions, bremsstrahlungs & nuclear interactions. TM-26§
provided muon ranges based only on the collision process since
the other three processes, being subject to large fluctuations,
could result in seriously underestimated maximum ranges, In this
T™, results will be given for calculations for muons that will be
produced by the Tevatron considering various types of loss

processes.

The tables and graphs were generated using a slightly
modified version of the FORTRAN program NALMURG. The energy
loss rate for the collision losses has been corrected for the
density effect3 in the various materials considered. The muon
range is obtained by the numerical integration of the energy
loss from a threshold energy of 18 MeV to the energy of interest
plus the range of muon at the threshold energy. Multiple
Coulomb scattering and straggling effects" were neglected in

these calculations.
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Results are provided for iron, "moist" Fermilab soil,
lead and uranium. The calculation for soil is based upon the
analysis of the soil given in TM-168%. A nominal soil density of
2.8 gm/cm3 was assumed and only those elements which contributed
1% or more of the total weight of the soil were considered in the
calculations. A reasonable range of values for soil is from
1.7 to 2.1 gm/cm3. "Moist" soil assumes a water content of
10%, although the water content of the Fermilab soil may be

as high as 14%.

Tables la-d provide the results for iron considering atomic
collisions only. Tables 2a-d provide the results for soil using
atomic collisions only. Tables 3a-d and 4a-d provide values for

lead and uranium respectively using atomic collisions as the only

loss process.

Tables 5a-d, 6a-d, 7a-d and 8a-d provide values for iron,
soil, lead and uranium respectively using atomic collisions and

pair productions as the energy loss processes.

Tables 9%9a-d, l10a-d, lla-d and 12a-d give values for iron,
soil, lead and uranium respectively using as the loss processes

atomic collisions, pair productions and bremsstrahlungs.

Results for calculations including atomic collisions, pair
productions, bremsstrahlungs and nuclear interactions are provided
by Tables l3a-d, l4-a-d, 15a-~d, and l6a-d respectively for iron,

soil, lead and uranium.

The format for these tables are as follows. The top two

lines identify the substance and the energy loss process{es)
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employed in calculating the dE/dx and range tables, The third
line gives the fraction (by weight) of the element(s) considered
for this calculation. The fourth line provides the inverse of the
radiation length. The fifth line is the label for the columns
of the data. The first column from the left provides the
muon energy in GeV, the second column the associated momentum
in GeV/c, and the third column gives the rate of "total" energy
loss (dE/dx) in uints of MeV/gm/cm2. The range of the muon of
the given energy is provided in columns four, five and six using
units of gm/cm?, centimeters, and feet respectively. The seventh,
eighth, ninth and tenth columns respectively give the partial
dE/dx in units of MeV/gm/cm2 for atomic collisions, pair
productions, bremsstrahlungs and nuclear interactions. Note
that partial dE/dx due to process(es) not considered in arriving
at the "total" dE/dx are still printed in the tables. They have
been printed to indicate what their contributions would have been
without having to go to a different table. However, the "total"

dE/dx column adds together only the partial dE/dx from the

process (es) mentioned in the heading of the tables.

The dE/dx data from the tables have been plotted for soil,
iron, lead and uranium for various energy loss process(es). The
associated data for range has also been plotted except for the
lead data. The points for lead and uranium are very close to
each other so that the lead data points have been suppressed from

the range plots.
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Figures 1 & 2 respectively, provide plots for dE/dx and

range considering only atomic collisions,

Figures 3 & 4 respectively, give dE/dx and range plots for

data considering atomic collisions and pair productions.

Figures 5 & 6, give plots respectively for dE/dx and range
considering atomic collisions, pair productions and bremsstrahlung

processes.

Figures 7 & 8 are the plots for dE/dx and range respectively
for processes considering atomic collisions, pair productions,

bremsstrahlungs and nuclear interactions.

The computer program used was a slightly modified version
of the program originally written by R. G. Alsmiller, Jr. and
J. Barish of O.R.N.L. and transmitted to me via D. Theriot and
A. Van Ginneken of Fermilab. I am particularly indebted to

D. Theriot for his help and useful discussions.
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Atomic Collisions
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Atomic Collisions
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Atomic Collisions

18 TM—-786

f
| i H 1 [ : - .

PO PO P 0 B\ OO AN £ OV T LTV O I BTN 00 1 v ettt o iebetord vt vt vl 3 ot o b e et emb ot v b o et ]
OO OC O OGO OO RO ORI CCOOCOIDCC O DO MROC RDENT OO D O OO
R R A e e N RN N N NN NN N RN NI
et bt el et L WU L W e I e oI B b W b e e b o Lo b Byt e el s w!
mc;g;xmpmhﬂcomax:wh:chmomwuth:wamame:d:mrhmbﬂ«mmﬂm3w~¢c
OO ST ML CON At IO AT M ON IO ZOM OV TONE OO RSP N oty
AN N A NNN MM IV T S NINICAOS N €0 v el vt bt e e LN U MR I T L NS O

;...._.'.._-..o«o.oo'»'..--...v-v-..pu--.c;u...‘-.o--.--..-...-nv i

i ' H } i

. i ] {

r : L o
| i ! i | ! ! i i { .
- N(\!NNNN-A-J%v-l-—v{-—in-iﬂddddﬂdﬁﬂﬁdhaﬂakwﬁdadouaomcaaacoqmcoocoocnn,
d OOOoDOODDeO0OOODCOMNDCNOODO0OOOEOOOCCOSO0OOROICOC 00O
AT I R R A R R R L LI S dh i  d dhdh i I
= tufweet Lot bbb bWt e ol e Wb it vt bote b fe Wi ezt fotot W bestoetc e
w Nmrcu.—zp.\c:rf«oc‘ra:u‘vunm:cmum-—'r\c:lﬂr‘.:.ou'm_n\csrLm¢y\..¢u~c‘rr~ru-worp\c
L
[« 4
[+4

NUCLF AR

OME AT OHNM I N T M @ O A NOM T LN O O MINC AT O v M 2D O T R N 6 (NS

4
<
bt
- O T O rmivivt vt e v S L MSAMM MM 2 SR R CC MR T O i v et 7 U IO VT MR S P D
[+3 vvoo.o-orpo-o.uoilo--o----:-.-olnngv.v.---'o'v.'-:n..-:ov.'-...
(.3 H !

-8
]
>

~
7 » |
~i S
x! P | ! S
) i . - 1 .
\i H . ; 13 '
o s b ! : ! ’ ‘ :
NN QAR S O A i vt P e H e e e i O C O 0 o0 O O OO OO D000 0 200D
WOND COOCOOOn CGCC OO OOOOOOMOCOEOrCOROCaACOHOOoOOCrRocOoaCOoDOco
Py R R A N R U R UL UV T IO T T 20 T O T T T et it e e e ot e o i e e e it sty o 0 R 4
[T I M T A M M I M Y T P e T T H TN PP P T TR TR M PAUNTS (T T T P T P PR TSP POV IR TR B SRR T TR g PR W
FR LV IMOMCCUANMIINIMI CONMTMOMM A2 TN I NN A e WO L v RO v O L OT & R L WD
(V'Y MO N2 M AR OwNM IR MNECOMO B INOF O M CONMINN O HOONPNS © O vt I il O M
HZ QI M IS I O T e v et vt A IO M T FUINE M 8 O v v v e A I L U N G M P o F P UND

<r-;l---_o'--_-o-"o--_----__----_.-.-.--p.,--o.='to-i--..o.o'-.tv-apv-
'. ‘ l
: .
] r
H

o ,l !

H o i

1 ! ] P i
PP PRI JU JRE O I TP SO pr g PR R R R R B L I B 2 R L e D ARSI A A
e R T L R T L T O O R R T A s dnahdi e it X
[ T T YT N PR TR T POT T PO P TS YO P YO PO T TS P YR O U T PR PR T LT Ty PO B PO T TR TR CTI T T P T TR T TR TH PUTY T T TR T T TR
T orte M E ITECRTOCHUMM FINOANT T OOPUHNMEMIVC S A e € OO G C T N NP,
MMM 2T F 3 T O S LAC IS D LA ENMC WAL AC AN WDASAD WDADAC AL\ \WCADK WL AP P b D N
ittt Jhnry S g P Sy R s DU T pur i i U O O e B P R e L B B na Lo e Lot el e ab ol o b ol o T

io‘ou-,o.--—-a--.---o-.u..-.-.i..yn_-.-.:- -00.-‘..-.o-u‘.loeoiovoct.
- i LRk ! A R .

! i J ,{ -

. 3 ! i

]

X S
%aﬂﬂaﬁﬁﬁ«ﬂawhdﬂﬁﬁﬂﬂﬂNmNNNNNNNNNNNNNNNNNNNNNNNNNNN&QNNN&N
., O SO S COCOOCaCEOOCt CrOoCoooOoCmoOcoCOCocReCoPocogacaes oooca!
[ N ol i gt S s
W
-~

} H &

i
;

R

|
2

[ —

[P
rte v mar

»
N i

COLLISTON

[P

o et g
[R—

i
1

L-_imu;wwu.ub.'w\umwu_u..u.wu.:wl.umwuu;u.‘u:uwwuwwmwu.u:uu.«mwumwu.um.uwu;mwhzu.wwmw{
O CAN D F G M A T NG TMO LIRS O LN M I NG R T OO M I IO M2 € 00 OGO NN LN
rﬂu\-:crLph.on}u\uc‘(\v:owwmmcrc-sﬂo!r:m\':bu.‘c‘c:-'r*u\h.b‘«Pm&c.ﬁrmhcm:o’ae‘ Kk g4 0]
l':I'Crﬂd:-‘!:Lﬂu\\ﬁu‘ﬂ‘\C\EI\NImO"O‘Hﬂdvﬁﬂr—'ﬂﬁﬂdﬁ(\)l‘:t\!(\’NNmMMMP’--!‘:#-:E‘l.‘\ﬂ‘-ml.f‘\‘?\chhlcﬂ,'
'-."....,.I.l"lll'..."......'....l....t-'....h.'.‘...I'll';

i
H i,
H 4

S
e ey e

i
i N
1 !

e T o e i 7 e el e et 2 ed ez Lol oD o el ol el LY T oY oY e Tl T o d o) o1 DR gl - S 2ol o B e G
I L L R R N R R i d +-bb+++#+++b‘&+d--0+-b+-¢>§
TG T T TR TR TRYE VR T Wb o wilo e b i it e b bt e i bl b b i e ot bt i wte b
H::.‘»CMH&:-&."“*'K‘U\(\C‘I\-U‘C\;Ol\:rfxﬂ‘\i‘.:ﬂi":ﬂbﬂmcl'\tc‘ﬂma:t!\Ct’_U‘v-‘n\:D\:ﬁ‘G‘mQ\L‘P!\Qv‘!\N’;
DC"HNF.F.‘-'HJ'\C\Cl\x-o'C‘,1‘?"7\5‘\CdZDv-:NTU‘hDNNGMl\a"‘?\fo\ﬂmc‘wocv‘m(ﬁm4-"!&"“‘.\Cﬁa"—‘(\14’mh~§
vﬂ.r‘v—'q—lv‘ﬂﬁﬂﬁﬂ’v‘ﬂﬁv"(‘((\il‘-ﬁ(\f"Tl”"l”?-f':M:JJ’U\U"B‘-\C\CnCNl\ﬁ‘CO"r‘\—lHv\’v-iq-lﬁv‘f*viﬂﬁv-?l\i(\.‘(\‘(\(v!
i® 5509 0wy * 9 P B P PSP E R e eSS S ERN PR ey Qt---.-n'v..:

RANGF
Tavh “mwmeemee———

! '

—

ST S S W JC K. JE . . JC . JEO. UK G B g X JE g TVl T TR Tl T g Oy Tl il ey T [Tl I P T TR [Tl Tag TR E Ta TR TV T
P L L L L T R T T R R R R e dh i dh i A suingh et dh g
LT Y T T T T Y T Y TR T TP P P T Y T AL T T P PR T TR TR VR PR T VR T TR PR P TS TLL O [ YL Uhg PRI TR TR TR P Tl PR VU TH PR TR T P L Y
Mt O3 COIRENEC MMOMCT NI TR ICT oMM A OtS TMNACoR
CRIP N QlE SORMCHN S ANONN T OO UM N CEH M IO C e IO ML
CCOIOU LI M IE IS I 2 3 UMD DACACAL N I O 00 v wdvrbved vd vt e v vt R OO QUG N SO I PTG P2 3 3 S Uy

© 8 ¢t 5P S s E o 6o 8O AP Y NS tON e Py PSS rasePe SIS ORI NERE LSSt

I

{GM/76950)
«197c s

P
B L.

R

H
e vt vt 1l et o et e e e et et et e et e e ettt e v s e v et e e e

OO COOOCOCOCO OO OO0 COoOOOOCOCOCoCCCoOOCOnGRC OO,
P T L R e e N I Rk Rk g I gt 2o de dudedl i I
bbb e wicbbbb b Gl wbn i b b Wielop wb b el by lcbwb.u Wt b biebeb b bbb
MO G S SN CE A0 MM I CAN O C O AMM SRR CChRE RS FO NPT,
ol o 2 LI G NG O . LN PLgRC it K TR TRIT ol g Tol [T AT I 13X Vo A VAT R VRV Vol ¥ f Vel Vo T Uak LR LY o3\ of Vo Vo Ua Vag Vol nh ok ¥ ob i LY YA Y O U
vt

L]

L

4

M/GHSA

«136F 0

'_'.._.l-.‘Ol.'bt.Q.c.l..'..o..‘."vh..."!Ill..'tllv'b'...:

DE/DX=TOT
(MEV/G

{ : 1
| i b
. : ! : i : i i i
vt e ot o el 1 g vt et v et bt vt e b OO A OC O IV BN OV VI O U EU T BTN T SO O OV O QU O O
o Coc oo o COOOOOOOC IO oSoeOOcooOCOOCOaroUoCncaoaOooca.

g P B S R ek R A dh e iR g

o, >luu|.uu.uwu'l;;h:u.-u.'u't-.'u.u.wmu'm\uwu.wuu:u’u:-u.-u.u:u'u.mu:u.:mu.-u;wu.-u.'u.u;uluuw-,uuwwuwu.uw;
OO0 O0NCOCOCOCCGOOC Hr et et el m et s o v vt e e
t:!.."rsu"—av?mr\cw-c.".-mvscrﬂ@ﬁmﬁ\cnmammawr::m\m\wa‘e:N..'mc:o(\::\cxa:\;;@'mewou‘amuw
R P PN T I T 2 2 CERNC RO P et rhr e e e e MNGRN N MMM I I0nC o

ioo. ..Ol.‘.l.'..IOI'.Q‘.l.l'l'_".._"’l....ll.lb',!’.ll.i.
i

i

: H i.
] i i
. . !

r

e o e
—

i : B
Lr’ﬁv—‘r‘ e et ot e e e et v O T OV OV LN O (L L O O TS IR OV S VN U L BV U U TV B
P, ED OO0 OOCOCOCOOCOCOSCCOOO0OO0aQ0ONCCrocCOOsGoOaOC OO,
RO R L R B R R I 2 N N L F R R N T R
(PR TS 743 P TN Pl PR PO W] PRI TEL PO TR TW TR T 76 TRI TR T TR TR TH TR PR TV VR wiwpwuuwk bttt ittt ivh o biw
oo oo oOocoUooc oot oarotaoatOcatofecfcoconcracdoctalcCRt oo,
— P O AL G NI SO SO CINO RN IE N T O NSO OR P Co R o el Sr o
CUOUEUN, I IGC RS 3 o o3 2 WO WOAL I N €6 60 G O v bl v vt vt I N OO O 05 POV 3 £ JC B g B SUARTalVulVod o LN ool
. Oonil'--.---l--lto.ll-I-=u!o..n'-9.9-os_vn;ol.t.'b-'?lcq.'...

H V i . i

[ ST




Table 4c¢

URANIUM

Atomic Coll

islons

19 TM=-—786

AH N A O CD O OO0 OO COOCOOO00OO 00O DEC OO OC CODEISOO OO 0o
OCOOCIDONOCOOCOODROOO IO OCHIOOE OO OO ) £ O 0 QCHI CIOCH YD I DU OO
(RN RS R X R LR L R AL AL E L R AR N TR AE AL LSRR L AL R LA X AR N4
LWLt WL WL L U WL LR LWL ol et bt e b e Lt e e ot Ll bl i b g
MOCMOUNTLNGEMANO S E AN ONCM «4C U O M I NG O T v MO M INC O N w3 M O (N 2 2 O
P ONMEDOMNMNE OO0 MNP COAT T Dt NI T O wn:e M IS a o
CEMNNG K €0 O O vt vt vt yrdvd v v vl vl b vt ot vt vt et vl e OO U OO B OO I SO DO I IS I I M B vy 3

R I IR N I I RN B I A R I N L A AR S A N AL A I A L I

i H . ” ; :
|
‘ :
! ;

LT

i H H H ! ' - : .
OO O vivd v vrlvd v vl vhvd Tl et v vt v b vt v T vl v v v vl e vt e e v e el e vl el
P e A L L T e e R e R R R Y
‘et b b et b Wit wib e st b e bt b Lo rwiibe e Bab Wb ow by
FINECEN T T O CM M A O SO OIS TN N Ol T NN OGO I o
AN O ITENNOCOH A A NN MG I CRTONMM I CENTCT OO N FINCRT T O M I
ChECRT Ol et et vl vt e vt vt e d i OV O VNN M M e e 2 S 3 TS
!..'.'IMI.'..'...”I....O..l'l.'..".I.."'l.ll"l"l!'...l..‘

‘ .. A m .w ~ . A m “ ..
w — u w .".m _vm W.” _..w
i : | i A i i !
. v i H 1
* ’ ! ) ! : ! : d ! '
POOEEEOOD vl et vty et et vt vt it et e v et el e v et vt vt rd v gt vt vt ) b bt ot sd et ot et v bt ed et ed
oo oC oo ot CoDOoOOC oot oOCcoOo o CcCcODoocoOCcoocoOCcoCon o CCOOOCE OO0 IO
R o o R R i S R R i ek R
UG L L el W L TG W L b O L B B L Gt Lt W ettt L e W LG
P3NP CACOICANLRIC M AENACIA N ACTN P IAHT S SRM LSO CI M AT O DI
P ORGP N OO NI MM Z F NSNS T O 0 G M JINC CET O el 2 PN R C T DD NSO
<
»

MUCLEAR

FEsQn T

«F0S

4
=<
s

.

A ,
OArEMSTRAL

CALL_TN MEV/6M/0MS0)

-PARTIAL
EMST

E/NX

.

n

PATR PRON

RN AT O v wd ot vt vt vd vt v v v v v v e e N R AU I AN M MM M MM M M S S
" er e
i ! i re s e o :

i

| S N ¢ w i
m . “, ._ BT _ :
I : i : 1 v : | : !
bt vttty vt vt at vt vt e gt e o e e et et et el b bt b v v e vt v v et sl ettt
O T R e B I A o A A it b i gt d e g o 2
F_FEEC«FFEEFEEEEEF_FEF..F,F.EF-.—.EF.F.F.EFE»—.EF.F.F.EF.FFFF...r.F.F._.r.F..—..FEEFWFEEE
MIFFERBCBCCANMMANSCr eSOl SO0 OOCO AU MNNNGHIMMPE MM I 3T 32500
Dot SN N A N N N NN N ISR I e MR PN 00 68 @0 6 & O 5C 6 &0 & 6 6C 0C 6F 6C oX 4K £ & (. €C o ¢ & & 0C OF o7 ¢C €0
vttt v e et et e et v b e ettt i e e el i St e et v bt v bttt b et
,'.0...!'lmll.‘..'..lnl..ldllluil".llll"l'!IOC.Il.l."!.l.'l'.ll
H : 3 § L : i H
1 i w . H . H . m
T AR
i . M -
i m i

i ﬂ_ i ] Lo ¢

Loy i

-v-o-o.ooo?ucv.cvcc-o.omvclvc;cllcloo"ouon-
-y

i

COLLISTON

e

i i -

UMV M IV M VN P IS P G 1G G 1 S 0 VG IS0 M I I Y 0 DG MGV I DI 10 12 IV G I IS I PR VTV M )
ocooooaocoo o nﬁuuoonngunoaaﬂn‘uoooqonﬂnnnnononooﬂnuﬂﬂ»nnnﬂﬂﬂﬂﬁOOD.
e Erar e N R Y L R R R O R
YO N T L T I Y P P YA M M P W TV Y Y ] P T A TORITE] TN PR YITES YO PO Py 53 T VUV 0 AT, TS TR I PR P P S
3O 020 I OMEMEME NN NHEAOCE O F 0 A ML AS I T3 MM ORI v G SN N0 S0

{rm

T O G IN MM+ SRS C AT E T C OO0 P A IO S D I IS A Sy OV U WON 0T 0Ly

Pt - R PRI N Yl i e i P PR Dl ST NT ST N TS T WONT NERT o o o Vgl ol S iad oo S U JE . . g ST T T I N

lt-!.-cta.ntncwu.'onnt.lnuv-..tvociv.QOI-.Q'.OOQ‘IOQvGOO.v-to.
i H H : N . H

P o o SR R T :
E < : ;! ; . * H oo I { ¢
L.hyl.w.u‘l.w..uvv.»l%mhf.wk“h..“b.h.b&l’.ﬂl%Lw“.“l&..rﬂ“l*k.vﬂkb.b,u.ﬁ kh:.rﬂrvpﬂ.::r?:‘.rﬁﬂ:ﬁ,qrtﬁa—,ﬂs-ﬁ—ﬂsgs
OO OO OO T OO oOnNCaNOCC COooOCooooieUoOacoooCcoCaa
e L R R R o o o A I R A d gt i g g s it it g il
st iy b wb e e b e b Wt ottt b ot e ok i i e b e Wl b bl s b
AR OCR. UM O AN NE WSl O I TP M AN O S N IR PR L C S TWNOC VO I N O DS o
aﬂ-13h.670;ﬂu?.,s\.f)rOﬂQ:l?(“t)?ﬂ,Q.lﬁvw!nT‘w’hail%TUxﬁ.qonﬁllliezzw\,uﬁa\ux.ﬂ“l.w—.?—b.rnw
(358 o ol d ol v Lol e g . SEAT TR 1T\ X T T LV R g e SN N O L o ol ol oad o il vl B D S ok o b ol e i du b ool oX shadnd adal ol adl
'"'QOQCHI.OQ'lll.'.'lll'..'...'I‘QQIII..OIO...'QQQIJ'.'O..'Im
: ” i i . “ . : ; :
i . < i oo : t i ot

! i : T ! ; : !

_ RANGE ,

P T T TR T T T (Y N X T TVl T SV IUalt I ol Ved¥ S VoV J YV IV TV o T ST Vo RV STt T o VBT oIV o Lo N IV oV o ¥ oot o Ll o e o i ]
I e e e R R R Ry Y R R R R E T R R I s s diadie i dh e
Al botcle wiel e bt briticb s e e b WL b b b b bR et h T Wl putu
CUMN G LN OISO CTF I IO SIS S 2O O P P T AT ONG I 8 2
NOMET s NOMOCHINOCCOHHANMM IR CC M SO C cewirtpr M IINU RN X O,
OO AE RN @l 0 C T 0 O v v vt rivrl vt vrivd b Hl by v w e DO AIOUES I OGBS PR DN e ) ¢

o-t-'c-u.ov-'ovvnio.vcoovu.vauuo-'v.cuncvu-tv-'-'.onr

MsnY
F+05

{GM/C
547

s .
b ] - : B N ’
t 1 s ¢ i £ i t : i . : : 4
: v . i H : . §
; i - | . : L i H : . i
. } : ¢ H ' - - H : i
: ! - HE H : H

i
.

(o) I

U -t v vl e v e e e T et vl e et v rd e e el e v et e it [ P e R S PO o L |

-‘

Whh%ﬁ%ﬁﬁﬁﬁ?777788ﬁRR?QQQQUGU011111?2?2233113316h&hhhh
7?777777?7777777777777777335333Rﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂ.ﬂﬂﬂﬂﬂﬂ.ﬂﬂ88&8,.

1711..111.1.1.11.1.111.1..111111..1.1111.1111.11.\.11111111111111111..111

o-o-co.l!-.-.-o-lo‘-'v-o.nlu-coQn-nnnvco'ocotvv-O‘OQ

T .

! ! ; h
: 1 : : ! . . :
UMM MM I MMM SV I M GG IR M IS I S I MM T MM M M e e e I v
U cob oo oOCoCoO0ooOCCCooCcCooGhooecfcooaoooooocaoooocon
T R R T R T o N R otk it g
A Tuwuiulbbttuwutbbiwrpusitiuy T P IS T VRTINS P PEY P P P T TR P TR P Ty R T PR ML PRA T PRI TR PR S PR T TR T
wHvrocroropclrotofolfcitoclclooocoococoec CoODCOCCLON ODOGOOoCOCDULLICO
CoIPOO0w NN M I FINSC AN CCC A N UATFOHNP PIMCAT CORMMPIOCMNTCTN IO
:\Q,qicldl.._lli.-llﬁ.11111111111?.???22?29..?-& MMM SETIT ST IR
"'l.‘0'."!'.'...'.!".'I.'.'..I'."'l.'I"l'.'.'l"'.Qv'l.'

NE/DX=TOY
«l73F+

N H
H i
H i

MEV/GMIG

i i i i : : ;
| A A T R

i | i : i

NOAMM MMM ENM MMM MMM IR MM M ISR VS MV SR I R PTRT I RER B  PE I e
,OCCCCEnCCEC OOt CECOOCOOCCC COoOOCoaCOcCCCOCaOf@TDoCC OO
N L R X R dhdhai it dn s an e S |
W Ll kb bk W il e e W W ol b el [FV{TR TR TR PRG 133 £ T TR P T 1Y)
Ccoococroyel oo oinea p g cocoooarooQeT ocefononft otfooedcococOcad
O P OO LM S FIMOSIENNCE G 0 Gl JIE R T T O N IWNE N T G OVEMMIL LN TO20 I

g q-li.(..cn.‘n.cp.i.l..114...4&11111...1141222?227”?2?7.“—l..nﬁ_jwnvu-ﬂ\?u-(..w\..u I JFE B I g L A 2% 4 (R I Tl L]
“.-la.cocl.c-Qo..c-:-onnlor.oottll“-nvcvvcv.-auc-v‘-¢-o-o-.

H i
b i
. '

i

o
m




Table 4ﬁ

URANIUM

Atomic Coll

isions

20

I N D N
i
':N:'CJC-DC‘CCJC)HCJQEC:QODOC‘WC)OQ L=<l =]
OO OOoOOLOODODDOON OO OODO DO

[T VY TR VT PR T TG T PR PO TR TH4 PE TR PO TRE TE YR o PRI TR PR TR TR TIPS
MICH N DD L CNT F O M OO N (NS oA L OIS (ot
N POE T e IR0 T 0L NG DY M IO C e
JE gt G g TV S TR VoRTolVof g VoIV VYTV T S At S el e

RN R RS A N BN R A
H H i H
| l ' |
I | .
H v

MUCLFAR

vdﬂﬂﬂdaawﬂawHﬂuﬂﬂﬂuwﬁuﬂﬂLNN'

OO ADOOOOODODOOOCC IO D0O
R R R R R R R R
[T PO TR PO TV T T3 DO P TR T P VO T T T KT P TR T TL VM TR T A T 1T
VOO RR OO TN SUONT T AN NI
THPIOACT AN R I C NS RO M PN oo
PP DNCWCE S O AN TS 0 O C OO it

l..O....""....’.I..l....'

i H H

j ' i .

P

H b i [
cu HﬂﬂﬂdﬂﬂﬂﬂﬂddHﬂ#ﬁﬂHﬂﬂﬂHHﬂﬂHd
C\f"E:QOQOOOC‘ODOCCCQOC!C\CIQHC‘CIOC'O
o1 +t¢++¢+++++++$+#+t++¢+#+*++
[ R N P T PR TG T T PR LA T PO T P TR T P T TR TR TH L TRS L PR 1Y)
P NOMNINCN AT T[TV INT N IO
o AOAM OO MO SRUMUN AT ON TS M

PO . T ST Tal TV Tl O RV VAN U V1 o O ) Y s S L sl S o - <
:I"IIUO .

('
ﬂﬂﬂﬂﬂﬂﬁﬁﬁﬂdﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂwﬁﬂdﬂﬂ
OO OTOOOCCOoOOOCOoOo OO OoOo0OoO
P T O O A L L -
wWwhw b o wwicwiotrtie et ito b b bl W ot g
[T R YRVt RV Voll of S NG N oS L AN o ok Lo - oT gl « pY e 2T 2% o
o o OC o O, &C OC of OO o T @ 60 O 0C 0C 6 o &% €C 6C £ 460 o aC oY
B B Rt I L L D e B A R e Ra b

i--ov..'ov-o---o'.o.--a..:-n.

ST :
I i L
l Lo B
E ; ! Eoo
V‘MVMMF‘V":FMVF’F‘MVWNP’MP? My

)
ACEOCCQHODOIDDGCCFOOQODL“CDCDQ
R R R T R ek ik L R L R X
[T 25
~e

AREMSTRAL

a%/CMSO)

HFIUX—PA?TIRL

COLLISTION

A VE{TH Ty TRl T T (3] P ATV Oy uuupuu_u.mu.u.u.u.u.wu
103 T PE S Rl RN T of \gd LT T T LT 0 = X N o] TR = S
CRC UM UENTC OO CSON AT O oo o
(VYT AR TRV SUANRVINE o N o R oo ool ol oo v v gl eal g o o 2 o

,ll.-v-O-t..'-l.l-..-r'-.l.'o

; _‘l
| U
¥ L .
. o ,
bwwmmwmmwwmwwummmmmwwwmwmwm
COQQGGC:‘GCKC‘OQC‘C‘COC‘C‘C‘OQC‘CC‘ﬂO
P R R R Ny
L b itot e et w b wid s e o i e
GOSN @I =N MG 2O W C N M F o N
AT CHAMNMRMMN I I CONMN T SOyt
et G QAU UL AU U L NI LN Qe M P M

--.cq-.o-o'-!ooob.c.n'. L2 ]

i i ‘
- i H N
! ! j

!

RANGE
(cM)
171E

i
.

R,

\C\-C\C\C\C\C'I\C\C\D\.C\E~.C\P\Ch.k.u ACALACAB\E WS
COooO oo oo O C Do DO DO
I Y R R E R EEEEEEE SRS E A
| P TN P T V9 PO PRI YR T DAY TR U PRI VI TR PRI Ko P T PR TRITL T TE)
ht‘tO‘U‘r‘v—tr‘(\V.-'!.?IP\CLCNGNL‘G‘DQ-—'N-‘PU‘-N
:U‘LCP-C"‘EH!\ MIVCNCTCON SO G o
I S T Ao g - JC N g JE & U g g ST AT T TRV IS T o EAT TV ]
»

v-a..r"o-‘.o-.--.------.

o LGM/COMSO)
3255405
« 3TH

. i ;
H i ;
- : oo
o h H
vwa«ﬁﬂﬁdﬂdﬁwaﬁﬂﬂwwaaﬂﬂw#ﬁﬂﬂa
rOcGDDDODOCDOCOC‘OODGQCQCOCDG
CH++d+dt b+t bbbttt dttdtspsr sy
A TR PH{ TS TU 1Y PRV 11 V0 VG PR le.\.LL h.h.h.u IR TR S TR T TR TTY
I CCECECNNMRENNMNANTS T o o0 gooo
crxwxxmxzatxw«wrmmrrcmvwmmmq
St e v e e e e s e e e et
‘3-.".'.."l"’.'...l'.."..
)
I

DE/DX=-TNY

H.

! :
}

i

H
MMM M MIREMMMMER M 3T T
g_ccccr~:nc~hc¢:ac‘crcc:c:cc‘r-oocono
D P R A R N S N R N R X
g SwwutbubbuttLiobherbwbwibewo ohiw
mcccccmaﬁcccoromoccccoom:&zo
QX OMNICLCONITEONILX ORI L O T
wiF L CCEMNNMNAMN L XX T 0T T 0 vttt
.D’Dl.I'v'...'.'...l.’l'l.'
t H |

! . :
I : P ‘ :
j i
H H
e L el MO R R s &)
~OccofcCoocodooroncoOcoCC oo
>++¢0++++++++++¢+0+&+¢++#++#
W Lbbbub bbb hton ot Wl b Wt i
CRoOoCCoColoroodooEcCoanIyao
O JICLOTN T OMNILLCONILCT OO
WAMWOC BENANNNCICCCL T FOT O i vivv

A VISR AR IR BE AN BB ST R B A A AL I A A A

R R E R S R R R P R E LR R RN N N

TM-788



Table 5a

IRON

lions

lsions and Pair Product

Atomic Coll

MUOH DE/NA AND RANGE TARLES

(4]

COLLISTION

NUCLEA®R

nE £IX=BARTIAL

B

e m———. - r—

----q-.------------ rmem o=y

21 7 o , TM—-786

lhd L g J'.?‘-?J
Cr IO O YOOI i . o 2 I O AT 13 1EA i 3 [ - I TR VO = YO
l'lll’llllllllCl'll"!ll!lll!l lll.lblil’;l"'lllllllll)l
VST VY L TR T LR LT IR R VI VL R Y  TROV AU TRAS LTS hasbahg e Lo 'n' TSI ISR LTI LTS [T TE 0 LTSI 19 PPURE PR PLITOTR T TS TP
OLO NN D A I OF LT Rt i O L e ey 17 2075 Pyl et O (T 7 e, S NI DT A P Tt
I3 AT DM IR P S L O RV T T S B D O

-n.l.tn.-.n.-ll-.ol-u-no.ov-b .-o-lnuoovl--‘»v..,..'.nc-.

i ] |
§ A ,i
i i ! i i

e ————

B B B e g wmw‘w‘mm!\“\'t\‘l\‘t\ﬂ\)b}

!ll’!l!l-!l'llil'lllll!llllll
520 B, ¢ P et L L
[oalS S a T =T g 'c’_ ('C“-* ’!"xrw—""r-fc-'n:
L gt o) Lv\rl\'“-d:.rp\.ocm'*'u\\:‘rrr.‘.l'r TRCE N et U s (0 M (5 S
B S T Tl el g ST O e L Rorper
.--i.-.voo.-...-o.-.--.o'oo-...-q--.-o’---..-..-..-.,
SC DI DN T NI VOV :

s il + ==t v s e = p—
[Ep P —

’»-oqo--oa.oo.-.....---.do....-'.-.--‘Lo-..-o----...~.
IO T NI H I T OO IO CACIC I SO O Ot:!a”‘fcvcoat,lo@q ‘lﬂcc’_".l
S FE e ; P | $

2t H
H &

P O Y I L T O R T R R Ry G

Ll BN P S b M e M O Ee M i Tt Lt I L e ‘uldh;'ull" [N RIS TS TSI RV N

\f‘.""‘!"ﬁ""‘l"i"‘;f“ﬂﬂ‘@ﬂf“l"-—‘ﬂ [a L ok 2% of - ol @b ol S ol Xan]

[TARE AV sttt Lol NV I o MYPER TIPS T AL T VK . 0 S JC QU I g X )

Latl o8 o ﬂﬁv—'v‘v—hﬂnﬂr&q—ﬁﬂﬁﬂd-lv—'ﬂﬂv—ldv—‘ ot iy -Ov—viﬂf‘v-'vﬁviv"v-"-lﬂ D D e P R

o,----.-}.-. .o-coancd'--.--.u’--o--’-'--..-nooq'a.‘ouﬂhu
i : - . .

!

r
H

=R = L= r‘o-.)mc\c-JanO SIDCTO DO T T E G A O S5
SN EULE R TR R i ‘¢'+'J o+q~._.+-'+lv--o+,...‘_4+
el ittt il et e wis e g o n L e g atata gl

— I CI O e P AN O OO V3 I LT i J’C\\I'r’o"lf‘t\.l:ﬂl\":u‘ OO R MR or O O e D O

LR L R SR I I I A

o.---.olb--..--.o-oq-u-l.-ou-..1-.--b-og-o-.--.a
: i 1 1 . o . : [

i ']
oﬂv'—!.-a—lvv,_,a.-o-'vh-!ru\'o te* PONTAT S e Nr-(\mjo'n [FLYTRLNE S

b o 4 m e

4-+++++0+++++++A+++~6~4,++++++#+++¢++++++++++++++¢+++++-§
AL ST PR LT TOL N LTy (VO PR IPEL S LT TV VL Y ) NHNIL TS T

_-_(-r.".

(GM)
16400

PO B (M b T
MM CAN AT R- 2 RIS ON W SO VAN 0L 2 N OO LGV P N0 3 L PO THL C et D s g

132

s v e e e voew -.-.-;..o‘uqo-.»i.‘-nvo._ L 'Y L R N RN
i

(,""P‘CIOC'D 7cr-c-vc~r-c~r1r~cc~r't"f‘oc’o ’-C!t“lj""ﬂ?l‘ h"vl’:cnmrwnor}n.-
+++++++++¢+++++++++++++++++++++++#+++++++¢+++++o+¢+++p

’ "lfvl\'z‘ PoaT A 5B SR IY ST RE S 30
NI Che —W*"” ey
ﬂ-sﬂ‘f"fn—'r‘f’viﬂrlrlq« N(‘_.-("'.‘ [l o !'N\ P"‘l‘" 2T T SN T Y O "ri"ﬂ
* a2 PP e B N BT e s w04
4 H

P

lv-h—l—i h—h—'vlv-l e et v d - ’v‘v—

L"r—'l‘"r",:-—'-—lc"' 'r"m +_;',

v'o--.dpo---.--io---.-- o s ® & av oD ae
. i N .

i .
! P . :
[=yg H 1 i
[ N .—4.-0‘4 bl et rd et ed et et 1o) At de v e lete bt ted o
TN OO OCCICT DS IWEICHILT SO DS e @ Joy s -
++++’+++#’++++++++1+++.‘ } R S ] +4+&+0*-&-*—++&+++
;l.:. AU TTRY I [P VLR LY B0 i ;
S el psor 3 ""r B O T AT s }
L" [=Xo B SSEYSINAIVAITLATERT o TT LY TRV ] TERS. I JE O FLINE 1 % N B, K. £ VRN TN IR T VY [TTH mu‘- -.u»..nu- uAG e W N
[ S S T B R P Akt hahane LoD R PR P R L PR R P A L R a T R whededef rtvivtydvivtrl el ecfatef et yd v tomt v
er 8 3% e amrrae v s a ‘.“"’,"-‘_‘.”‘"""0'.""."'""“
i i H

-—

'5-"&’&

!
b
l ?

!
~e oo o Yoo )cvc\br~n¢m‘,n¢ domcoooomornoaomau s »r--—aaaﬂ#w—u—uhﬁv—n—!

.
.
SO

r
c;l.’.t..- Y JYCITE ..)L.'_h.ﬂ:'““ Lot Pt o} wnd Ao oW ot B ull ol e T 3] 01

DN IAAICMDIPY N MO N T v o 2D 20 M O T

22 y-p”a'fwrﬂynn‘-\v'mmm" WSy P Y A e N e M N e S pg i AR O
il = T LTl ST S -alial o Sal oY o P Y T

i1
i
il

AEaiVadonl ol SV Sialai Lt oal I SR Fop T o PP ET 2 POt Y S
P OO AN LND N 00 T vl vl ot v vt -Ovlr‘v-l!\aNf\'N'\'l\J(\l""F"!’ Laet LA 8 g% J TR TATVRRN LT OIN G N g 13 AR 2 T RV YO L S )

Y

Erd v v rd et ot vt ol ol ottt o s s e i A e e e e e e vl rt el At bt rd ettt vt g
L IO COC OoOooD ot —ODDwD Doc \JOQO- 'OOOC""O"" XSO IO

+ &

R3TICLTR TR P TSI T
A e L I R A G
IO LA OV AL NS O OO N N

et

! . : I B
0.‘4‘414'-'14'3005 DICHDE _u::clc:.-.-o_)cc Pl b Ty e D e e RN L D e e e R D Rl e e i L Ll
._¢\.—"’0CQC‘¢DE‘| SDEITIEN TN N CIER O Oy

+

AL L G MLt A B e Y it e g

N

MR INDUL I A Oy T LI AN E OOV O T 00 G HOCMN IR 0Ot PO € vt d - Ll O
e OO ALY prdepn Jm\..‘\\D\CA\NC\’: O v o vt o f b b A OIS PSS OHVER V3N B £ 1 TaAR]

* .

YOO O I O DA AN T A pm an A By
lwl=T-1=] JCCC\GODC’QL lC‘OC"OQOC‘ QD C'QQC'DOL"C)'_JDC'—Q‘-' L] Tond ct Lyt Lnl T} Eccn:’ LI D

T At QUM M DO A D P bt et et e O OSSO NPT I NI Y 0 "\v.i,‘ns"ilkts-‘cﬂ??'ﬂr‘v_-ﬂ vttt ot

LIPS I IY [WL Y

-4

AT 0 T Tan SheRoun Fun Ton Lon SN Tun ot oo Kk Poe Lot Eon LAY

P
At
vl"J

[

e
L

iakal

OEA HECHGODOCLIIOCIOTIRUI DO ICIUNC CEGUOOMSOOUC T DNLICOTATD

~s ¥ l++-od»++§+++++++'6+-0u»¢++0++¢+++§+4++++A-f++v*+*-‘-¥+¢v+¢+
b YN TR TS LN TR YT PP ST TEONY TPUL TV IE Y Y TRITICCRY TS I T TTRLTPRNY DNVRURN FELT JUOR PRRVE TN I PO VIV RRY T E R PRI PY LY TG T VIV STEN T Iy PRI TWTTTNS |

+ b
bl

WUED ) G a8 W MO X PN, FUY G AN Or Ot NIV D i e, 0 OGO OLRTOICOoaeO

LR IR EI 0] FIPGN ECAHRIMN SO QPR T U O o b G O PP 2 N O etd gl S T ey
3 AP At v gt b v A IO OO QS N TGN Y .3 3 F i DA DD O N T2 00 OVl b vt et ardeed vy v et N

. ’l’-'sv-’.'!.'-n-lv,.';’l'.’.Ql"'i-"....ll.bl...'-
H

!

N | |
rh-h-ldﬂw‘-h-dﬂmc‘. :r‘uﬂcncu:(“ l"‘lF‘in’.)c}”!r"")ﬂ'_”“:*r‘ﬁﬁo“bﬂDE\C}("‘?“-)‘-.'-erv-lv-'v-‘M

—~eet. ¥ Lom Thie Y L8 { ondl == Loon Lo g HDC)CJ DD RMEC IS CCICOIOC DI LI IO CHOIICYOICY 150D 0N Oy
A R I I N A A A A A T T T AT T
P tal N N T L L M P T e L LS T TR L P O Bt RIS
O IO T IOV IS e O -acc‘r'c?t?cvc'.rcr‘.c'rrcm [REAT 1y
OO COOOIOOCIMNLIS -l Ar T oM E T IS LTt
ST I, L O'r’r‘r#-rh-lv-!ﬂv-iv-h—ﬂ\‘l\.'l\'fdt\ Ll 1 gl 0N | J‘JJJU LLOWR A D Ordvtvi s ded o vd v o
Il‘l‘ll'."l‘l"'..".... o-‘fnpo.‘-.'.-u ..0;.0-.-'.]

R T A I

: i

R
e

i
1

M
[0\

tvd
(=1 4]
+ +

LR T LIS
(STt Tl it Ta T T AT T LT
foa [V Wiad Felleal Vot T ol o 20T L RS T FYANYTA SN 383 M L nd o 1

[\ A




Table 5b

IRON

Productions

x

ir

d Pa

1s10ons an

Atomic Coll

P T TEITY
< ts f:mn—w-.ns- T ST N TN

,,.‘.' B L e e e hat sk S T TSV NS

\C.L"“"\'NPJ(\.'NA o
1WONoCo u::"')oa-\c.\aﬁ cn—'c‘l:‘ OO OQCC AT T COCCOEMDR OO OUD 200N OO0 o
cx>s 0t ) by by ]

o.uui't-

NUCLEAR

[+

GOLLISTON

[

-

-4
« joCo jooccl 3o o DOCILACIL D€ DL E D L 2 e, EEDC - JOIEHD SO CIED L 1 26 L‘t TEACL L €0l oo
a

P 7 P et e o IO V0 43 2 U et e ot e ORI AGR ON MY g U PAE R R 0 0TS o et o ",.p‘-h-ivq\m.m

<n-r...1.........-_....-....-,...-.

" " T . Y AP W W B W

22 TM—=78

| ! 1 | { 1
o-t\.l\'nJNmN(\!f\a(\'Nn CUNHL NNNNNT\SNN‘\“\'N(\Ir’ﬁH«JHﬂH-‘ﬂv-‘.—iﬂ'—' vivd et ettt el et vt vt b o vl

e \c’:‘c("‘:’lt)ﬁt“:"!c‘&""UF‘DDE“ Rlalogeal 2T T ol nl TRl Al Dol T R e o Y el T P R o Y o PN
lllll'llflnllllllllllllllllllinlilullanl‘nlllttltnlvln’, [ )
LIS VST TUI TS (WD NT IR LEY: TREDY 1 TSeT (RIS N TS LFY TR L Ry TR FE - EH T TUITNIS L PR (PO LIN Y LA (TP LTI LRY LRIV TP ST PRI T Y MU TS PRV TIRT TN T Y

IR INIER PR il et L N G OIS ON AL NI § 0 WS QLT T PP G e i €30 T g Rl SR
IS FONCONYUC O TNt T MNP TR 3 0 N M 3 ORI it Tl T A - Tr Ll N rd‘n
AR RO CIMIN I PR 2 P DN UG DG AT vty v v d vt vd b e OO NG RSO A hm(f ar

i * ]
i | t H : I LN
NNNNN(\'N(\!(\I(\-!\N‘I"(\'(\-‘ N'deﬂ-ﬁ—l—qﬁ—la#dﬂ At bt v vt b vt v v el el D ETI Y o O

R I N IR A IR R I AN A8 A R A FR N B I AN B B A T O A ]
' '

TR YTy
Lt (P87 0 TR TR T TRRPLI PTY IS
PO Y e T iU TN
= I A CIMNIS O (5
OOt g et et yd - ) i O

L

TN Ml e
[Tal S o4 o B Lo T = ¥ o X 2o o el N
S N g el s al NTTa 0 PAR TR A TT o TN glogla Ul o TN A Sl bl i Tad S o il (VI SN A L. o)

ol Loy figetgtie

q.-gl.l.‘l'-.-l.-..l-!!

' R T
' + !

I T L U0 P JoT R fr PO KUY SR SUPERE T R [EOE g SOpES DU

[ AR S N L A A O )

FRLISI W TES LPYIYT PSS SEY [ER A VETR UL HIVULEN LPO R0 )

S OO R QMM VO 3 M P M P S AT IE1O THT
A FRLUTE SRR - (PR £ o ‘-(u\(.“n‘u"-tJ“ BT o TS NLALIATIE D o MY

NEENEAEES
O s b 79 LRI 3 17250 DATREN 18 AL RLTY LY
l\\ﬁ".lon"’" QS VN e 0§30 OGN D ey
SRR ot ol RN NFR STV I JUSY P ST &

- se =0 e ..--.....,..i
. | |
1t ot wot byt b at ] oot vt o o - et v rlﬂ-dﬂv-l'-‘v-‘vlﬂ-—"-'v-lvlw-h—lﬂv-'d'4 vt et b v et el e v —c-—l-—o—lw '-Ov-'ri
[ eonooooc POCOOOOOOCSOMCOOCTC IOCACOOOC IR ECHD I O DR OO O G 2 0
+++4.¢+¢++++¢++++’+~0~++-lv+¢-+, R R +++#+++++-&+«~5+4 - s+++
DLl '.L." 'J"'!"L-.".Uh"-l"Ll'hh.-"l.l':.l ISR | 104 Py ! LIVt L
-_r"\n"l*—"'"“""'l B4
q\;\&hr\l\.ﬂr‘a}m o wccurq*x:—rr-\o*r-mc“cr:rcv frv:l'ﬁf"c-c:‘-_x'-"ur:'c:r—- r.‘:'l 2230DC r‘\.av‘ﬂd—l.q.q

.aaﬁvlﬁ«“ﬁﬁﬁv‘—'w‘—odﬂ—a—or'.aa-—'«‘-lﬂ—avu—wﬁ-r-lnm QLI OIE, O ] NPT LI KL SOALIERENT I Y
iqc.q-..-..uuyoo-'bh."bthoinvn’.’-—l-'. LA o » 0w » @ 8 2 0 0.y

ﬁ-—iﬂﬁﬁﬂﬁv—‘ﬂt\!(\h Y NN'NMNN(\-MNNI\.NMI'-MN‘MV‘"‘M
Ag—v—_\m.—;cc‘a R T Do T e Lom PR Tl 1 e ] Jnnaﬂ--GOOJ:oﬁl‘ DD LIS DIV Oy DD T [ e Lo B Vit T ]
)—++-$++0+6+++&++¢“‘++++ #+-6J‘+++++&++-+»l~*&++¢+‘++*++&+&¢4+++¢+

W uhu Ll wbh g bt b el s il al b s ad e ot hut whlattcuk uv.uumul.u..uu'un.ul\.,_-uu_u.
- PO ™ TGO O TR D M IO ON LT Cr 2 2O G o e AL M MO 53N Ol 2 O 20 M 1)
L Y Y A T g T el oo TR Y N1 . SV DR ACEOMMUONC AN IS P-Cr M a B M N T M v oo -0V g
.\Q\Qr\hmmq: O vl vl v Ayt v vl v b A A ARV M P S T I OO RS 0 OO CY et vt e gy o

...6,.-.-..: o-.-.u01-.- ..b"-..!h.yq_..-v,n0¢i,.0-¢"p

- -M-nv-r"cnmrﬂmmn-mmrmv 1 'fr"n?'!""ﬂmr"wro VIR PR0 I SO S f-r: r-.., Ty,

D I L IO D D CIDIHD HHEIC G TIHDO I I C D c'sccggcmo i Lmd el o Lo P Y =T T

P A e L L L A ) +++0~+¢++¢-+++§+-&++
LIV RO P 1 YO TR 1Y i UL (PSS IN PRI VUL (NG EARY (I O 1Y EYRTRUNAEELIM P PR Y (R TR PR

RS

.
t

e mmrss B
SSCER—
o

ST A fd:('!""".

et D ) T OO e T OT O re: QT IR Ladiatol - oL ol it Ny wptoy [oH] _r\.- r
AT AR 2 0O T P OM P O N M A VLA T O R DN SN & GOk S e l\l"‘r‘v-l ;hr(_l‘ n u‘r\ca
ORI AN OHIM MRS 1 B IODIOOOAAT N P T (MY el sttt ol ety ¢ PPN o TT2G

LRI AR N B AN A K IR 2N IR 2R B B B O S U B L BN R 4 e e ® > e mw T e . v 9

P u-truﬁnu*u-mu' i
.f—-crcr-ar- O C N Y C T e O

P R i g
Fafratengtaijoe it H h"-'l’.ﬁ:!!xll;f
Y T L L T T DA 013 pu sy
POL L eI & GO0 O
0T E I gt v b ] b e d b =) 1T JOSCLO L PO P LR IV 2 0 pa ]

P T S I T

¢
i v
i i
1o
-; H

[

RN
et s o
SR

1 d L. : .

LI D .—cﬂ‘avc—cdvhlflﬂd-—av‘aﬂr .-hl.—h—tv—h—*-i&vl‘—\ i—h—l--h-‘—&v-lvlv uﬂﬂ-—lﬂ-—h—l«i-'--h—!—-h-—!ﬂ‘-w
o C3IIEY OO ST e e C DD mrnhnb-‘r‘v-\soc.wmcaﬂmc F Ll Yt or Tog ot Voo Nt o= U BT ve RS an
+++++++.&+-&%+++4+++++.++-b+‘0-_+++;'+#++‘b+4+-&¢++++{.+

b LIETW T AN N : o3 TS ML PR 3S DLIRTY I
- "L“s\."h»(’ e f ol H e et 3 B3R
,;,.\rn\r-,r\r\u QUL IOTU Do T oo e CJ\;"JvnﬁH-.—h‘r‘vN-—lrlvﬂ\Nl\ 1y
R I L Lt R L o R R e R s R R R R D R R B I 2 o LA AR \RTSFT W BT AT ¥ Bl o o Eab T oS ONE AL LS S A M AN LA RELY RARART S 1ol

\..oooo-g-—nqo--t---o----q----g--'~p.$-.»7.--,o;-‘-v-

H ! T : T '

! i SRR
t
i {

: ! :

\

! :

P

: ‘-

' i.
..v-c-—cv-cvvdvh-h-adv-.-H-—hh—h—lvu—o«h—h—a—aﬂo;(\lr\.n-
[ S RN =l ' S WY Yl TSNS T STE ¥ e TN [ T vrd e ol Yo ] i Rl ¥ o Yo 14 )»_aQ"".jDOI::B- atd on i Tl c‘f_‘t-’o(.tmc\)\_,l“ e 1 FIT S )
NAE P+ H 3+ 4+ 432+ 24+t +rrd bbb r et rrs &++¢++0++»+o++++o++++ + .
TSR T TPVE TP O 15 T YT TOPETYYYY P YO 6.0 TUY Vg YOTTYTIRRT VT UM PO 1S EVETVR{ ST TN DL/ R PIRY TT TRV TOL N SVE UL TREPURS €Y [ FETPHIVE I T PO T PO Y
- E e SO L UOCC UL e rirt s rdrtrivi mivrird S byl el vt st et st vl e pdooty -—JHrlv-lH
DA N T et AN e D D i SO Wl O M o Oone T i g 2 a0l o oo e
O N T Y Y o L0 T d i Qi B BT TV TVAY N TR R e g e R A el et el 10 L L Ealal X Y el L BN B Y XYY

-.-..-.o---‘.--...-.-'c'..-._-.-.-..op-.oo-ponﬁ-.-.-g...
' i H ' : H : v . .

oo ! T [ i A E
i H l b i i
H s

- -

JvORS——

eI

H
; j i
,iy-h-lv-i—-lrh-h-‘v‘ e PN R T L o PR B T P o -'lf\"\.l(\!l\lt\.lf\i(‘ (\-N(\'t\ Nl\lt‘ LAAUAY N"I(\‘I’"(")‘\lﬂ"\ N\\ (\u\)t\ IO
2 OCOOOOCC YOO BMGO0 LCIDO HTICIOND - CINICI TV T S OICEH yDITIEND III O IO
P R R e A R R R Y 6#4—4;;4.4-*&*‘-&4-4*-»5-&-0«
[ THTS ST} FITSATS 1 PRSPt RYOR DIS VALY { DU YL PY [VRL I § PO PTG VOR TRTT B PR PRI TP T AT ) ER LI TAOLIT T UL TR AT SV IO FYY |
L7 CICICT NI NN TND S OO OIS QOO D HEROO tvc*.c“)--.cu. [e 1ol el fe Tl at o Tl i Tz |
— TATCIN IR O NN O rw‘nl. NN S ORI e TEIO) IO L CIO NI N
[AVY SR A R ad (A L I g RSN 3 N TRV RV ol o SN - D‘r*f*v—-v—lrl-anrsv—.-nt\m (T TN TS S I SRR Y T TRV A N 8 g"
oong'ou.t'--ntyiv --.;o--q..-go.of-..?-..Q.o..;..n-..?aoot

N A | : | | bt

1° H » .




Table 5c¢

IRON

ir Productions

d Pa

lslions an

P i L VL T EL FOL T TR
= (ol PN T Nl g ol e X Sl gl A Al T2

r—-.. ...:\ LIS

NUCLEA°

_’ i
o looDoroos
o

B
&R
15

23

'v—!ﬂv—lﬂ'—lﬂﬁv&ﬂﬁnomc"c‘v'\ﬁcc QI I OO I DO T ) VD D ror‘*oomcﬂc-\ammcmmngm
LOTAT ~ Yol ral Tl = ] -alve TR ] nt re 1l ol b ) =l o Lplme ¥ g T rpl gu Xow Fop Y oop Tl 2O IOV O r‘v’wnt‘rv:""ﬁ -\eanrn«z;ocg:-a
R R R T R I I O o ++++#++++++++++* ++-&+04++$##}0~+&¢¢40 -)vbl--l-
PUL GG AN PG I b e e el L Phatt NG NI T I SIS LA Y T R TIE ETTS TR Y
Pt IO MG NTINC L T M . 58 MU G Nurv IP IDNUL T e O O CID Pt AT MG AN T
i e v - -1 T LT et P OOV T 71."0.(‘#\'!‘ NPT o FID O OO IR 3 LD (O 0T |
CON MR P O O eyt b s dat vhvd vt et b e e AL OICIN DN eI R l'“r""‘?’"""rﬂm MY o
o-nv.o.-----oa---.-v---ot.--.--.-.'~o-.-o-.;.-o-.q.'a..--»--..

_ . i ool
| | N o
{ i l

-0 CHED D CTCI I~ (I I EN L DICHI D D 2 (D O3 :r:ﬁc;x Yooy, ~r~moc~r¢.—¢v‘-'—c-.-o-0-lvl-0..4..c.-¢ e 2 I Yo PP S
A o OO0 SO0 2T D S LT, O A Dy U A Theny -
-b-&-b-‘-g-b#d--bul-'-l—*.*'&d‘-t44*+++"++++¢¢~b+¢#¥++‘ 4¢+0+++6+¢++4++
CRLT A Pi TRV L V0N S VIR PR T L PO h PRIV L\'I-:f.m'n foi H W, 1elg

-

-

e
'ovmu'w:‘hu* AN DL O i FON O r\"f‘h‘ .wba,—aﬂh't\u‘\'mrf ~F A vr\(n\:\
IS g i B SRt TN Vol Tl T T oV el n\f“'“-.'\t\tl e "fﬂ‘f"‘f"’ﬁ—‘v{v‘q—"{t'ﬂv-'ﬂv|'4r‘--‘r-‘——‘v!f"-lpl
( .-..«o-ou‘o--..-----.u‘.---.-.»-o..-o.-.,-..-.o----...-....

(
" L 'fi | | .
i

. u .
[=T-l— OOC)L‘JO:)C"C‘ﬂv-h—.w"v-"v-l—'-rlv-'w!ﬂﬂﬂr‘v—! LR ialale

L

TM-=788

~r L’Jccuocaﬁocecﬂaccﬂ OO0

WONOCOOODOC OO OO Y

(=it L B b b A K JE i X 2 2 2 B 2 N

OO DO ST I LS I TN

O OOOC e TOMIOC OO DT

PANGE
- .------'.--—-.- mww

Atomic Coll

[« RLTR CYWRTY) TS { 94]
[+3

Ll
=<z
o

Ui/DX-TﬂT

e

COLLISIOI\

D E DO IO D MO D IOCHT IO O 1D 3O ICIDEY SOIC OO D RCI I 100

Bk Bty o gt e g e teisy ph et

R A A N R R R T R L A R R R IR S e
(LI SR LT E AT TSR L A Y LN IS RUTY LSt WL P I C LR Y SEV Y Y I TR IET TR WY AEL S TREEY LVARET AR S TR LT T TS LR (VLTS
b momomom:u‘omaoa&'\:&"wr"ﬂ A AU S IOR Tt F UL 2 G ed 3 Bt B DR M ONAC

W mm-.cxc e N '..\NZ"'%—IP'~ [5e) ’-z'v-t rr-c.-- et nyl .\.u. 35 d -c-cw-an,_a\u\m PR T ' -3 VUYL
M, I M B e St

.o;.i.....-v---...-.no-.-.-..--..‘-o-..--

- ]

B a
| . . 3 4
Nﬁdﬁﬂﬁrl-iﬂﬁrlﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂﬁv‘ﬂvov‘ﬁﬂdﬁdw‘ ﬁﬂdr‘ﬂﬁr‘r‘ﬂﬂﬂﬂﬂﬂv’ﬁﬂvﬂﬂ —h—o--n—l.-‘
OO0 ONMaOOC SOOD IOoECOoOOCD .cc:c-onoctcro:ocv:noooo IO C OO .o
+&+¢»+++&+++#++++~+0+++++++++++a._ Y

PPN P T LS B P TRCTRI TS AU TL P IV PSP AVRA T 7% P TRLL AR IRN T LIS [PR LIS LIT] TR vt
15 3R ranoer PR P - R o (A R R e TV O vl b -
N S T e P g ST
OIOEEM I CUOIOUR PO ATV IC A CENI OV D

b

LR BN I NN BN S

R )

.’n

s st

]
-
-
<
—~—t

I”v”'..f 1': “'.l"b“lf"'p-'\t‘\\ﬁ‘tnxt I,‘vf LN ~ N\'\a‘
(R LTN LNOSLE D OO TN O Dy B D
. . F »

LA ot o I A e re e v mmmm rv-nmmv«nrrv-.v- Ll R T T A C ot e Lo nmmmw\v O
D LD DO D S OOC O IO LIC O LD WO DI I D O T B TSIy
Rt b R R R I R E R I B R I 2 0 AR N R S g SR R R AR 2R Ik I SRR RO I R R I A G
[ TR TR i P L L g L e W B T 5 b 1 T L i ta o e i it w i S Sl U et B b W L b
N B ans IV w0 l\mr')‘—ou';h.mmcxm":w IR OO M rhd 0 3 A GO F I G i i O YT 0 0T O
P T Q0 AWM PN IN T C T oo iU 1 3 W o Ot FUE LT 0N g N OO0 I - 3450 O M e
LR TR LI L FT TS TR U SEANONUVD WL 5208 WD DR N D o

L R S Y - ---tp'-'..-~'.-.o.".---.’.--.'—-_-o'ob...

rrrIrrrrsrr oy -rq- I TN IS IR A u‘m-ﬂmu--nmm! DS D Y B LS W IRs mf.mu‘wmu‘mmu
N OO QUD':IC‘G'DQCC" ‘DOC’C“JGUD?QC‘QC’\_;'Z!E"‘“ODOPJCJ O IO SOOI I O O LD ¢
T e O i o LR I R N T IR *++++**""+4-+++-'++++++++++
(_‘.'_.m!-"-*t“_‘u._. fre ittt st (13 FRLLEL FSRFULVOL PR IRLT S0 LER N Y TP PO LU N TS PPN T UYL Py
S A FAURC DO RN AT RIS T D i v o F OM N | U0 NI O F o D TN €3 Fhe oot ool F o1 3
mwr“-—am\nwﬁ F DO v AR 20 U DS o O VMY 2L (B S DA e e DT B O T OV S et v v 0 1 O T M g
WA DOG O M PP R TR T ROV N vl el b v v vt e dvd ] vl o b o 1t et b b et o A ORI R CA N OO
-'-¢o.o-.-...-.-9.-.-,-,0.0-0-.- --o.‘..'.---c---1o---og.-

i

LF..T)

]

i
f
|
i

[T

7
i

[TV PR R T ol Lot f\mu‘t.mru U"U\U‘L"U’\\PJI\L U' Ead Tt g U‘-U‘lhlf DD QD0 \D\D\D\-"\C‘C\C\GQ\D\CI\C\D\Q\CL‘ Fafla Llo VeIV TNy
CO T OO OO I IO ¢ YOO T & T (T OO O OV T (G T N CI ST 1 T e £ Y e €
0++++$+‘0++++#-&++*~b$+ ++++J--l¢+*+O*§++++d—++~b+§+¥¥"'-"¢46-‘-+-ﬁ
i [E3 AP0 Wg ¥} 7) LI LR W ) [S1T0001 FPEL U 023 L33 1) RSN Y
SOAD D e SR SN AL PO MO - T IR
z Tub t '7""(" FRRTE D og1 WRE AR oF bpd (U St S (P g oY L STV o8 [Tatia [ WY SN SR of ol e}
9 ~,‘ $ .1 Rog li" WSS O Ll \C\Ol\-l\’\-“'- r-h—'-—‘l'h—."*’v—h—iﬂr‘h—‘Hv-h—!,-ev'iv-ivlﬂv-ldr-'dv-!ﬂvlr-ly-lv-'
-~ ...,-.a_ pp--o---.0---o..-..*oa..-..;4—.-..;-t..noru-n-..u
! i i . .

| I
| P :
a ! : i !
L‘h-lrh vt et A rted vt - ~|-—h—lvlv-l—«h—h- v-h lv—'th—lrh—(vl-'--h-hIrh-lv-h-h——lr—’r(v h—‘-lvh'&—h-* '-'v-lrh—h—H—lv'-lvOPIv"-
PR =t W b o Eaed mmfomi ¥ oot T K ool o D0 Ve Lt o] o Epr [ opl e Lop] I CHN G eIC ,Qr:;r-gnﬁr-:‘og SE T T DY D - O TN D T D €T T
bttt ddbdsdidtt LA Y 0+§++++§+++§++++++«L+++++&;+J-+a++++..+1
B IIELTLIYY NS TS ITL ITY L U FS TN LY IYE A0 ’ d
Lo 2o PR AYANC of ~SE N ol NiSalalaet 170 [Ea¥¥alal ol MaY
[T RN N 55 .06 S BUATTST LER TRl TR VAN TATPEIVERT CRVESUR o0F S AT S e
BT AN ST AN ST T T 1o o S WA B LT LRGN
b B R I I I A A

y .

amesipemi oo

i
H
K}
i

rr————

-~
[
Pz
!

o

FENRIEN PN RV G
el St ol rﬂm.v,rr'”vs v»;r:‘"t-'n"‘».r—)g
..».4.-‘--.--..»._--.--~.
R X H

H
¥

L

i
| . i
: | i ’ !
—»(\J(\-N‘MMF M M AN M mmmmmmh"r’m‘id""lr""'mt"'r"llv‘l" F'mmn,mmrrw-~)-vmmmmmmmmrﬂr"hﬁm
O LICIINISOIDOD SOOI IO J00OINQE” C(.‘“)J’“CJC!C\("C‘P‘Q—)F)DOCJ TGO OO NG
\+++++++++¢&+++¢++¢+¢+++¢+“++¢++++++.++++¢¢04 P R I S R AR AR,
St L L o v L B st b u e b Lt Lt bt i Wl sl Lo iead i, wit e ol
vt J“‘LU‘C‘U‘-(‘JU CUN G DS D VDO G DO Ca, OG- SUL DD O SO S0y
WP =N MR g IR LN N O OO0 Ol MG NG EVE w4 DN T ENGP- 10 O e v & Jroad M ah (a2 g
B T O R B B Rl s L L 1w g iy U7 VY VT RT XY TN T RN Tt G 2ot TR TSI LY S I I DU QW JU R G J X ST ATV
5 8 ® & v 0P % B P B NV e s S s g s et e e et s S S AL s P ae® ey e

i 1 i : H i t

: | Lo e | !

i i t

o i i -
I ! i i ! { .

l\.NM"V"’"h‘ ool ool it et BT 5 MP)MF"F"P‘""")"H""‘l""""”'!"l“‘fﬂl‘"Mrr"')P‘MNIP"‘MF”"")"“" [l gD Tadd ol ae By Loall s

|
i

14

i ! - .

R B A O A A I R EE T R E R X R iy &-¢¢++b+++¢++&¢¢¢++-¢-
LY TP TN T PRV AT R TR TS [ P EH TR 1Y) J;ln et wte  ud it b ekl Mgt [TV |
D CIOOILOIN O OMNOING N DD WN O 10O C GO T oo s “ur‘:‘uﬁr’;t‘t‘. oL ml |
P DI HOICIM P P 0D NS MT O 0 P 0L I IR O e 0N SR T e v e 2O T TN
|0‘0 A et e el e T et T e S ORI CIN OIS NN TG MMM VI S 3T T S ’lf‘l!‘ll‘u}
i > @0 R S IO E NP AT IPEP SP LEPP AT eI PaA Rt b e OO EP PO s YOy




Table 54

IRON

Collisions and Pa

ions

Product

1lr

Atonmic

NUCLEAQ‘

24

OO QOO OC OOC OO IO QU
qqngaqunqjq]0q12q70313101
.+o++.+++++¢+.t++t+++++....v++++#
WO L R TIURAET LR 00000 T b Matba (a0 Y
S A A e O SR T AT A O U OB GO R D

?.55.4.&.17.:455&5.45 2ar 7n3d..11: 0RO
R % (B g d o) —../:,5:;_7:4 bFE:v 057777777%

_
in
i
ﬂou-.OOnno!- e v e e ® v e qe oy
i

Q5 PR PO JRPPRR BB SIS (R PPV T (PR RPN IO O
G IOCOC OO ﬂ[&ffr\ﬂﬂpe. =N T
[ R N N e

S It a o et L et 2 b e rdiee g ooty

[ Za B ol (N -a 3K, N 07 N 00 WL ot AR e MU My

HE TS CHC I NN T IND A ™ GO UV A NI LT 2T UM 20

[

RAMGF.

Tor

0E/DX-

_:\Lll,.un.' ARYINELAF N1 ST XY WX XTSI N L T Sl o Tt e d oot (N STl ol e ]
('Cl e oo d 08 dsopsadasaedsvsdsocyesa
] . . 17=

ST TR

Pyt

1 ot wl i et e e A e e e
1O\ 2COOG T SOOI S QoI e IO Om
th..?.?#f.#.v.f.f.?.?&+.7+.v+¥§+.t.’++&:+‘+
PRIV I VRN TN LY IO TN [T I LTSS S PRI LT TS PETTE I AT PO

TTMNB s 1:5:,-.1..!1- DI CGMONL I P o
NS O O e A ORI T LU DRSO VS e NN I
T et o 9.-?,7,.2 0L AU IO AN RGO ACU M MMM &

MJono.wmn.¢n|-.00.u0-ﬂloc.tt-
T Lo L : i

¢ e, ] _n

-4

L vttt et e vt et e e e et 11111111 el el
0O OO OoOCc: DO CoOC o OO OO
= .r++.r.o+.v.v++.r+..v+++.+++§++.r.t++.v
] «. Tt tee )ttt t:p....:r.f.r.:.r AL ittt nioustg
H AT OO MO0 et et R0 IR e
DSLPT S bl Lot ot ol abae b el LY o Toa koot
TG ORIV DIRICERIAC TS R Ara I I

* 9 9 e e 4 © O o9 - & 8

HaSLaL A Tl sl s L bt g i ] 24 Lbkh.h REE h 32

2 OC GO OO O LOCIO G oo ooo
.++b+&++f.+++++++0+b+++b4.....0...
P i tdie il W g e e st wg it ud e s o
Lahataly 1]&75.&15563313&68912“67
N A LA st G OO O O vt v bl et G 0L OGO
fa e o PO O vl el A vt et v bl el

-

dt.l

llluoooovootoca

RTTSLITIT LT AT, rJ_.:.D_:rJSSrJ TS ITAT TS 5555:.
-, COoOCIOOOOCOoOQ OO OO0 LRI CO
++++++++++#++&+++++&+¢+a&++

ORI ITHATURRIIN L BN TU TIPS TSI L TS Y LR P NI L YIS DI |
O o renCe N MO Y SO P ST e Mo
PV MGAD N @O T 2 v i O M. 3 3 D00 WO M T 0
VI ) ?2?_??? L Ulalle Il 7ot S Tk .1331.2;11«—.133

- (C“

Wtotaccl o.tu-on.

“ i . ,:d LT

“ L - o

! .~ i

i . ]
- i i
IO P . e
(Ao ocoroaoeoeSoeD
Nt 44 ++...4+...+++.v++...+0...+4¢+
[ LIS IEE RET0 EPRRLLLT R BF EAGS LY (FIS T S X ::LL. ¥ ?L.L H YR
Sl 94152.01.5 LI
SO oo L1
(LT [ ST YN
~ e 4t eee

L |

i

! N
F s

U5 rirtvdr bt el vt wd o dyd o
N oroT oD OO

u

Loty e e J g

< LS athinu e

.tltcccadot-
S ”

i
\'Q\ul.{.v.:.\-\ MMV DM 7)~3351-331uh Yrerr 3
COOCaCIOOO I0OCC DO C-HOoOOoICCo
Nttt rtprddtrrrtdtrtsrdt e tdted
b= PR YR PR PR VOR DU DUR 7Y  FERVVY PO I PR UUSTHE T SRR YL VUM PRR TR T'RE P K¥] FIRVIRTR1 I V)
W IO L CHD L O OISR O OIS W T
Harch FOTONICT OO0 3 0O CO TOReaT
UL WWE NS N O MAVO T T et et

|olo-n.¢.!..nc.nnn.'c¢—oanl

! N B
} i i _ : ! .
" _ ' | i
31..1..331.1.. 332.31.31 333_53.5le44:9& -3
;OO0 COCDOMC OO DOONICC O
R e X R R B R R Rtk
TS LI AR T PRLYE I PRI LTA ERg W PR TR P PN TRE T RO TP LI TR TV TR
(LRl Al 11 S TRl n T lale Tl alatl ol L e TIT £ o Dl UR: Solpl~ )
BT =R PURUAT — T LI RVAL. of 2 LU BUGE X AT A 27 L o 8%, ¥ o 1= o)
TADCW O e s b arora a3 0 0° 0 O O vl at rivdod
.OOlooiouOOOOvUQOOtaa.o-OIIQ

| ¥

TM=786



Table 6a

SOIL

Producti

ir

d Pa

1sions an

mic Coll

Ato

ions

25 TM=-788

Frraraerimemme p- Ll L e L e el e ﬂmmwmhrﬁnmvmr m.'»r'g\-wmmwm

I w
v o QﬂOQPC’(?CC‘QPC‘C‘Q"‘CC‘ OO CC O IO OCCICYT IO C oo me‘ﬁc:-:c-:-:g
<t lllll [N} N ] !lllllllilll Ill'llliltllll Eair
L3 st LY 9 LN U9 T3 S T TSRS 1Y Lt ety 2, Haty 'h.l"h AT IV I} ]
) c,pc"t\mm.—ur\r:-r\rmm b od SRR S Es AT AR T T ey .tf"_f'f’f’"\h Faeinr r;; Ny [ S G R LTVl ol N+ T N Y, ) i
() M Ao AT oY NI L O L O e mv‘m ﬂrwfl\v-l FENS ORI P OIL NN ey
b J RS W8 AOUDEINAT &5 bt v b it v v v 300 ARG N G A AVL EAD TN O 00 v vt e v o
= LR ..0'0...’.-'i“.o..l'l.‘.&-l‘vl'-li-¢00~.l0libiong
: ;. ! ;
i
b .
T i ! . i
-3 - ) = 11 ad (N NS N N\Dl'\nif‘lﬁlbl'\'f\ G 2K 4 !'3:?‘? r+.s 2% W VDAY RS 1) NS A A A SR A e oy
[ < (P O UCIH O - s :c_v._-aecv_:g»c_ et sy = LN "'. S o - =71 < MY K e i ¥ S 'Y
= (v LB AL AT B I ] L] RN 1t L A A N A
(22 Jb—- ‘l..'i.,hrl:. u...n..i..h.e 'S LAPNRT IS R PRl LR PO GO ELIN B FRTUICH ULAWL TSTWOL VO T PSS TR 1% XY 12Y)
- en WA R C T I T O & G 3 -r"m\-a's--rs AL NET ched 2 DA
o e TP TN IDPE I S Oy w00 N P 0T ‘"cw\ gp.\cc\u.cg\h‘-“'\nuv gD
- b-}l.'—- R MO0 = (AL DAL w4 G IS D e DL IR s, o FEARIOED DS IS e PR o B RN
_(&r’-.‘.-...---.---.o-»o-.o-‘-.-ovo-. oc~~:v-.—!.—.»,ov-oo..
QLT O e - - B i .
Qay F . P i
oo . H
> - . :
(L I o . ?
= Naoe ; N i
o wiON i
o O > H
[ a'u 3
(24 = . -
o ; | ’
N = } B E [ .
= qH-.l..\.v..-.-.-.---.-:¢-.-.—-.9.-.-.---- oo ss e s mavensvnrse
. a. .—-o‘:’o«)a QIO OIDICIO DO ISy OGO OGO QO O OO OO ORI .. moc.-:» .
i ]
= - t
— s 1 - .
Z st -hm--vn-l-h—n—, LR L R R ﬁﬁﬂﬂﬁr‘ﬂr‘v—‘ﬂb—lﬂv‘ﬂﬁﬁ ﬁﬂdﬂdﬂ«ﬁﬂnﬂd—r-—tw'— -
[ (¥ O SHOCOoOOOSCH rOOSOOODGIDOCODODeC Do oS —.y-aot:‘cc'ﬁoc:'caoov‘:c:acdgo
W - +++;++,+.»+++o..b+x+++-l--b+++~¢+&$-b+;+¢~—+-&++4--L+a++++++wb«+++5+'+¢
174 |L" NI PR T TOTE G TRPSL IS ) FRI CRUN S VIPS) SRS LR N TH T Phach, 1255 00g0 L!‘I.'m
o bt -—Lwnwm Er PN I e T Ty ST ey AR LN Tt e LT R TN
[~ - w-mm\!‘r‘ﬂoc“rwb [ 3 AN SEValY ofEO I 2T e Rt eT¥o T TE IV XY S o o TN &u Py r&\c~ MR NP A T o e o
-t P g L N U Y B B B R T B B BT B T T B I el b a b et L L o B ST S ¢ S
- (=] e PR I A R A I I e R N A T IR I R S e R R T e e
o~ LK : - - i H - M .
(-3 I B . I . i. - P
. . . i :
e ! . b i
o 1 vidvooooocaos o -—l—cﬂ.—o-—«—w—l‘-ﬂHaﬂ.—h—ad—lv—h—n—lﬁ-—inﬂﬁd Mﬂrcﬂﬂﬂﬂ(‘%lt\i(\-(\(\.wwt\_\\)m
[oe] 1 O OOoOOD T e DO T I IR I3 63 o T O IS OO OIS U I
‘<t ’lp—vlo+-b+ R R R R R R i Y T T R R R
[ ) LLL..:L;I...-.:..“‘....-.L;‘LL[L,I;, PYTL TR T LRTWRTYEIPR VN LTS G TS TORT B W T PR PR LTT LPL P61 PR TUEYY A 1 IT L PRI FIRYS DUEYRETNg Y | S TPRITes ) [TV T EPY FEIIY)
o B CotD N 10 U :-‘-cm\c:-~—-co‘cro=c~q~c'-'o-u- oo o c."-cht.v‘trmc‘erl\-\(_:.rcacerxapmamw:t\-ﬂc-c‘u:t\,\umm
0 ] gt e] to¥ S ot T Lo g sUR D=t S TaXI 0 BE N T Al L o] ST WO M C U OO OO et 2Ny N o
(LY~ ] vi:r'J"-J&(‘ MO ] -h-h-‘v—lﬂﬂv-h-lEJGANNG\."’F‘.‘"’V!MJ{J‘l{v‘vb@%}l\hkd"—!‘Or'ﬂﬂﬂﬁﬂﬂﬂﬁﬂm
o= * ® P e e % EE VS IELE S s e deen “ % e BV BBy s taPLertyen’ T Nrae
I ) : L P s i : ;
M ' ¢ = i y | .
] ) H [ 1 HE g1 i
oo Voo b i “} ! i .
=" 1] ¢ 13 f P
<t ) “b-——h—lv-'rh—l'\'(‘ AU ',\I:\ (\n\lﬁ arne Rt i e pn l\'C\‘r;H‘M [t el et a1 0l ‘l"ﬂnhfNh‘nvﬁpﬁwk‘ﬂm“w\p'\”y\y\m
[RERERET- 1T TP DG IO GO C OO O DI O SO0 MU O O E O D OIS IO DO
> w|r++++++1+++&++¢~+.¢+++++7‘+++++¢++++++¢+-+++~5++4—+++,+*++++++
o b5l ] tarpEteltadeot i U s L e ',J—z" 'L Gt ieb g S ISLAG S U T TIPS L Ll pibing
-~ <t~ ;l'd.’.!J\ v;rhd.rf".nl‘lcw:-:mm Tt LI DI T T O A DAY P N T Lgd 8
U1k Gl IO FT RN INO T O L.-\:r *ru':r-c-u*-u- c-v—v.»m QUM T IOA DD o (U T P wd TR OGID TCHAIG
o [ R LU Jted o Do Lo PR TS T BN ToaTagd o B o % SRS N o] S S o8 Lo ple B B R T B B e R RS PR TSl & DS N sucl ol 0 JC U0 ST AT TRV )
& --.-...o.v-.o.l-.'.-.oq-..,.ood.o.Q.--g---..-..-.--o.u.o;
Zc 3 i i i ; ? : :
ao v i i i i ! 1 5 ! oo
pei 4 ] H b ] ! H 1 P ! P
Fe= |0 i ! ] i i i , . B :
“ [N i ! T t B ! i : ’
o ] C""-rlv!r"\-(‘]l\)(\ QIR ORI A0 IR ro*l'"r‘hq“rf*rf PP e 28 3 Mo DB e b e N B v ehaalabdlacialis SLE: & 4
> YT O OO OO OO OC L OCGOICONOODOE T OO O Do OGO CCor. Q00
| R EEEEE S EER N S LI RN R R I R R T A S R d-+++¥+++-b4+ H++_
| &) R TR LT AN LA TIBP VLY UL EAL IS LU LU LIS UL DL EEML Tiat) b | WL N CLLIYY 1 B3 I b
Vb 0 R R P T PO B R ARG D (G adh” -0 £ ORILEE. O et DDSC OGS ’
| Jctates Lol § iV 1o 0 o sl ] Sl oal Tt o ICNY JH. o rn Do oo e Dot C o ™ 3 LG T A TR DTV, DT O DN
1 GOt o INAINM M SUND ORI T O vt g b ol e w0 O G C 1020 PN 1Ak RE RN+ [Uab M NI ol i NS PN B )
- | l-"II-‘..."‘,-.:.I-Q'.-Q'b....'i‘lcqu.cq-..Q-ap.o..--:q‘..
P ] H o H T H i - ! - H H
o ol [ b i | 3 i Fe 3 j
=B L I i I , N I ! e i
hard = i i : H P H i : g o
- - - i ' H i H
v H "!-l.—lq—lv—'ﬂv'v—lﬂﬂv‘v—'*'ﬂﬂ irlv!ﬂdrlv’v‘h—!'i‘—h—“-h—'rlwh—ﬂr!rl‘—h-’vlel—!-lv-lrl- L R R R L e L RN T P B )
w0 ey oo, —‘Oﬁf‘r‘c—‘(:,ﬁf“m B OIS SIS TMICICT D WY MWD I Y i IR N DI W e A O
L= I T o#+;-&*++a~++++o-+++++++4;¢+++++4++&+4+;+++5+&+¢+A++++004u++
e X ; . : i RN ! U
. x = 3 ™~
o) gy SR -.qc :Oa’l‘~l\£'\r~.l~-'l.\»\uu-\.\a.-l.;vL...LJx..\Lq.\.HL\L L\n...‘_ Wi ™ e r~r-.~.d~r~r~r~n.cr oL st e
T~ R L N R B B O R L o E T Lot F Ry pumy JUUPUS ) U T RO SO Ul g B O R I Aot pivirictvtebeds bt d el el i}
(L3N >.....cu'.---nf.-o-oO-Q_o-...ou.‘-q-io--t-—ob-;.'.n,---- » »
~cow i i i H [} i i H . i
+ac i H H ] : ! i - P : i
(737 3 B ; i H = H ! H i - 1
* i ! | : ' i i : ;
W i ] : s : I i ! 1
. o~ ooy Jooocsu"f"d-_tomc:c:uomﬂ-ﬂc-cnc‘ .nr:!c‘\:: DO DT v et rivl bt ol et a4
| oy [T Y = R [l IR LTk {on ] o LY o 1o S Tip Y and e Tup LS AR @ [ ] o ) DTN 2O D e O OISO 2T il oul 3 Ko Yond
oW ST l1stdtrttrrrrdttdtarbrtrrsrtostrstttorbrdttbrstrs L A ',
o E D Lol wwwuawbiL ot pr b d e Lt b it gadeete it it sl w b it briuw obeites bl come Sz abe,
[ ATH WO I RO T TN IS RO MMM, P AU OWWANTWD O U o OuWOa IO  r OO0
-thy 150 AT D TLUOM P D & N P-ﬂ"r"f)l."l\-ﬁ‘--if"' WO PG P TP MM IO NG D
[12Y O v A rebred e A NN NI I 52 TUINDMD S S NP DL C vl meb e c el N GO
4 l...'gl..Q.t.'..'!'b.l."l"‘.."-."D’Q'.."'D"lcqiwu e
[ i i i : i i H ¢ ; ) ; .
3 | i i H i H i : H S :
23 ' ‘ i H ot - H § . .
] ! i | i i 1 i i ! :
© - ; ' ) : : } :
P P R e L= YT IO e DI N 6D "‘N‘/r‘vclgll‘"':l—l' TENTY bt ot a-avlv-lru—d- et
o T Fol~f o 1] = [ Lod e JWL o R ] “occ;r"- MO O IO OV CCOE IO TS HITCHT IO THO D
=) >.|‘p|||.|py¢&+4~++¢*++ ¢a++-|¢+4-+++~l-+~)‘&.bk*-‘-&-&’-ﬁ-ub -)h-bq-b{»++§+
2wy ouan o latteftatey [H RE VUL P S T8 T IR IR 1T Y LIRS LT ] Ju rr
on [ Ral diie L ind Sl okl Tom 1 onl pal s R4S vnd o r“~..ar1nr*"'u—n--c1 DR il R AL Ad o oy SRSR W Y ubl el = BN Lond S0 onb BhEow Eoul ~db iy ] 1y
[H) O IEIICICII O IECY N PR N et (T T o e C'x*t"\. AL ON O NI N e IO Ju \.\h"»‘t" <)
we Ly AR A GRS sl A S R Rl ol S el o R Rl ol H s Naat 1 100 4 o R G TRl (ot U RUS 7 N - S AR ] f'r""ﬂv‘r'-h—'f\ o
[ 3.9 O’..,l.ll'."'..l"QQTC.’.DD.0.0'Q...Qb..'.-’.'.»bl“1..
: N i H i . . :
> I B i ! | : i i i i i : !




Table 6b

SOIL

ions

Producti

lr

d Pa

1s10ns an

Coll

onmic

At

AR

PRI LT VR GV oN Sod Lol o Nl Nc\'cml'\m U N(\lf\l(\ N(\l(\l’\!t\ N L e e R L R R R S L) —{Hﬂﬂ-—a‘dﬂddﬂdﬂﬂ—le‘,—(
<« mocodacouvlococaocccl o acicic ..:c:c_m €LESCHD LIS LTI IO T DO C ey 8T (DT R oD L i e € )
O’!l!I'0!!'!'ll!ll"lll‘lllillllltll‘

[ (e -
«atn ~v-"~"\£‘(‘1h"\f'c—:rr"(‘ [ et e oV ¢ TGN TT T Y TR A, o 0 g ehed e I NN TUC [T R4 0
Y UM O O M T O AL Y O ANC O O O 1—!’\"": DGO CIR I oL OO L YT AN U T s 2o

0 1O D FPATC v T RS T DD 3 U P b v D et T e YD O oD et L b
et A PN O T e v el e o AN R8N S rmn. W KN OCY b d vl Y
<Thf ® v »

a

RAMNGE
‘---.---—-------------qb--.—-—---~"

NOCL

(ALL

GOLLISTION

nNi/NX-T07

26 TM—-786

- ! ! i 14 i | H H 4 4 {
O OROE AR NSO O AR OO AL () DA I U (\Jf\'vi'v-!.—u—!rl'v—lv-!v—'r'vfc-'v-‘.\—!rlv-i-—!'-lrl"afaﬁdﬁﬂpl,u"..,h.q,‘
€Y D T Y QC":‘&"C"E’O CrOICCT ‘Cf‘ﬁ Ml tnpl onTondl Sof w.l o 'G"'C\K“C“l‘")l“
s

(:v-*ovmﬁrr"gf"r‘L"‘QOLei’rﬁc-lﬂ'
LI I T ] RN N L Illltlrllllilgl
[NV ITOLL l_uh'l‘,'hl‘uhllu' UL VTIVLA TRl FSLIT LY vy »‘Ul.'.“t-"'h.ﬂ;”t" Attty
{ .:-Htrvjv-"\J-'r-.Mr:'rf‘\.lONO P T e UT S A 2P P 3 PO PN ] AT g i ¥ o
N e (™ P ORI O D MIPe -] AP TV OV T C O VAN NRIT™ ML DN (R AR 000 0 1L ol -P-N\J
et OISO OIOUCINIPT 5 MM YL L BT DD DT ffﬂ‘v“v“ﬁﬂﬂﬂv—'v'rt-—-l‘. TR INQU O IR I N U D, !
ooo-.---v.---.--u-.---..—o.-d-o.'-olq--vv..o--._.a.-.c'.ino..

]

[ B B ]
1 LYY

o e
[RECTE——

(R NN N TN
s reale §

LT TR Py {E YU LT

-

l.u'« Shs hastas Al

el A AIOTA DA T T -f\vv.r\m!*c\tr-‘\v-bv-t.-o.-o-.—-.-:vn-mt\'\”\ NI i g T UL AN
s 0 e e o edeopnsoesavsperivetencsssecsanrerasrredsesns e

. H i

SONNEECUEY. 2y

S |

MM OO0 BN mNNnmNNN:\-N(\,NA N(\,aaa-a-—h—caﬁ.—la.—aa—c-—cn..a—o,aaav' »e—!.—;...q..n,.,.;

CECINOTO LSOO NOCOOCODI IO o TRDOLCCEDOC L 10T O EENICY O T LN IO

N R R L R RN T I I D T R T O 2 0 O B N O A -

[RETEY LIS TIPS TPRILY (TSR DY 179 EYULPE SET IR NI RTINS BN SR LN AT N LG

I IR A] T Mt ED AR O O P Re b M UM 10 T v 60 S P TI0 ID banD J’» TG el e a'J-.OG‘N'
Rl S S ST T N S

L B S il ﬁ-awNW'"‘ﬁﬂ‘

RN E REEE R RN RENNY

PR AR LI I Y WA B AN A o o s n
. ] .

vyt o v et vt o e et e o b Hv—!v-‘r‘v-‘ﬂ—-lﬂﬁr‘v—!ﬂﬂf'v—‘ﬂ B e R R D e R D B TR s L e B
OO YOG UDOOG IO ICCOOOOO IO 3ECO IDCOD D IODHIIOC OULUOOO
+-b++.+++++++++-ru-+4 N T R T (TN
BTN I 1 sl b it '...,L.{ e Pl s 0 W ut Pt i Lt gl bead
T~ P pya """I_'V-PJ"'J?'I\U‘\L'\ RO T eI *~Y|"-_DN-1""'""" q.—lﬁ‘s.\)ﬂ""(‘"l)b t!r-.(‘\fr-!\’.v .
::-«'c*mcrc‘c*a‘cv-c‘rrr' oo oo -occwh—n—la‘-irc..q—c..u—l—« B bt FOM AT DO 0O
P e et ane L L R R B R lat I ol Tad T U aR{ V¥ SO PO OO OO OC DI N A OO0\

PR PR P I Y I «e v o gweosq > % e B s ow o oo d s e v o

...-_...-,-—-

AN et OL e NN"-(\.'\.(\.(\-&IC\N(‘,O L t\JN‘l*)N""I")N'i"‘F"MF MR OV I MV N VTV NI B, N L )
Ao I O T C O A OOCIC HOQS KIS 6 D TIHD SO, 3D OIM G DO oo O o =
H+++4--&-s++++++¢+6++++++++++«b-i-+++4-&+"‘¢ ERR R R R A R R R N Nt
T T T TS TP P TN O TTUL TT IEE TV T OLTEIT S TPORTC T YOLITT YL PY SURTY 1L W PLUTTLIGTIOTTN LISTPR TSNV T PPSTRRTE LUV VR VRIVHL 1Y LTSRN PH{PR) FEUIFTPRITTLIW IS
w:n\mNmu‘mchmcnk)cdm(\'mmmr’mf\mca‘« WIPTS 4L T w0 v 0 IS WD SO T T o F P - N 0P a0 I
ML NDCOTY AT i Car Y S TN I O COoONMP TGN AT NG C ol Qe w10 K00
SFOC QO OIS T RSP NV "J'd’u.mcca\r-&nr(o"ﬂ-—h—iﬂ‘-h—lﬁﬂv—oﬂmt‘ut\.f LISVI S LV Lalor Lo o LA R G (LA Vot Va8

O.-}.-.tI..Q-..1..D050'4 * o5 4 0 s
P

i L
I 4 .
poone i i !
,v-rr-pyd-,r-mw\:r Lt 5 g o o .f:f f—?-?!-?~!~ T "'3 > "'J'J'_" FrrIrris 3'4’..1‘ o o ‘mu'.zrmwmmmwmf
—~:700L7n°c~=l=cc:cv-Jcﬁm:ococctﬂcoC. (el PR o L o) aal o oa 1 =ad )
<'++¢¢»+++4+++++++b+¢+++++—++++++++¢++++4-++ T I Ty
TN YT DI P STPIS IS AT PTYPY LA A TWRSPPTRLT PUVELIN LN IS AL DR TR PRIIVLTE LY O U 0 WY L3S TUTT A s IO MY IV W LTS TS T
P DA™ 3 TP T O TA C AT O RSN et TN SO O . Py T T O 20 N ORI PIN OGRS T VT O et
IO o O e O I T I A B N MLTLE T OIS T G W TN D0 P 1 Q0 O 20 (3 I H R 0 P T )
PO ST et et e SR O SN A I VM F X IO SE NN T OO OO it s S vl vt o b v

....oo...--g.o'..o---¢-t.‘-9.--v'.i..o..0a-1

es TP v e s e e " v oo s
X v

[N

_-......
e (g
- cvargme e

a8 e b g e » o e owé
i .

i . : 1 i 4 !
! { i S oo . i
B 3 R 1] R
g H i [ £ i { ; 1
| i ! I ; 1 Lo ! ¢
i I | i ] . : t
K PR g N R N o F 4 2O IR LG NG mtrmu‘mwmm.nl.“ml'r
L] COoOC 30 SN AC GO OO MM DO 1T IO OO GO T OO O
+ + 4 bt >+++++++++1—+++++~+4+&+¢-++++++++++++-++++
YR [P PLI T T T TS MPTs [T ORI MU TEL TR ST T D) SYO TV LS (hS R SRR POCTEI I A TP o TS PR P L I LN T LI LI Y |
.-r-ynxmr [N TY L TE. Yot o ) -"*1"‘r~ FraraprpL bt O rmm.—»-:,mr\\c'n.rm,ru MNOuadied
£ ed SN B et DTN O & B T D a0 PO T O CrniC TN Chyd #0000
NIRRT O 3 8 1w SN T Ty fefe i et o p e et VOO R 0V IR A
.bq'-...bo:-ov.-.".-.'.’-0;‘-?'..”!."'.1
f 1 i i § . H H o i
¢ i } H I
R i S i 1
i H 1 H }

r!-lvl. PR ST RPN

v—h-l lﬂv'v.—i--!rh—'rb (L l-—#v‘ﬂvlv‘ir,rlvlﬁw—h 'r.—'rh—'v'lv h—!—'—-‘r'- Lt e 2% R
= Pl Y~ B le-le Tt L~ P T TR B B
I’ H v

:‘o—-r-v—\r}ac'ﬂ(‘_. SOIET T M ENDI TN L, OIS ST Ty EHD O

~
l

|

!

}

st

+
B LD T LI Y r-".a g
bR g YL L Sl SR B S
RO O bt QT NI M. fpn
\-—frlvl-; ettt .-u—-h—u-gvu-u‘ e, P'(\'Ofr..'\u‘ S COSA NI S RIE. AL CuCrun D C AL T o3
\..o.o'.oo...--.ao-ognxn o,-?...T---qo-.v--.v-ooo--.,-..,

g | i., | ‘

ki
i
~rt e .daﬂrld-—c-—h—h—h«-lﬂ‘-cwl—tmt\.NNN(\.M(\-N(\.(\.&* CRDGOI O 00 O U DSR2 M0 B UG O Ca T
Qoo oouc CAl eI T I S T ICOC . 00 SLOOOOGEOOCOrRoO0 toCacCOoQoaag
O A A T R E R N P S A R R B R R R R R R R R R SR LRSS LR
B U T LY 4 s M B e S e e st B LA e iU b e sl a0 Sk Lt T,
U oD ot L™ r.:n.:aur)ur.:n\.'C:WJL-C’vlﬂﬁw»l—!ﬁ‘—h—h-cﬂﬂﬂd-«-‘H.-lv‘-—h-cry-o...vt‘-'ﬂnﬂr-h—tdﬂﬂ
D0 WM SRS T I BN T i D et Dbl Qe PPt Cote Fua S /I Tondla o wremnong
v(\.rvn.P‘N‘mMP"JJ DS IENME O T T et vl v v e et AN Y VY, D 3 ) 2 D OO N as
Tll-,.I.Q."'o..,.-.'.."i...'ll"....!..l-"
! ! i i
i

{ !
' rlv—lv’nﬁ—'ﬂﬂv‘ﬂ—h—‘—lﬂv—lﬂr‘ﬂ Hetrtd Aeindne ERT T TT ERTATR X P T PEVERTT AT S mmol'\.(\.‘n;r NPT
ORI IOT M ODE . 2D IINC L OO OOL. HIOOD D COC DO GIINUG dad
+ b rh > ++++++4-+++4~&¢++¢ A R R b+¢a++++6++¢o++i—+++-ﬁ
Lh LTE CRLIT BRLPRIY L T2 TLA T Y2 UL PR ST TTLYS LT e A AR TR I I TR

~ rsc-v Y .l ool e ) pﬁrc- Yl S Tonl w5l wnl on Lok u’)"‘\:"r*r"*l“ pc‘\r"l' FEYC D T —-c'r'e-;o-»crc-cu"

~ 3O CIRLEC UL 28 'rr\u‘l:‘.rn BTa Yoo TEall Wate BT BT SONC SToRY o (W 2 i AR Bl o 5ot o VG SVl e J01 B0 SR b st il Pl L L= d 0 o
o oS MMPTT 3 3 WLt G vt rtebe datvi vt et AC QIR CON NI b BT Y 38 JJu-u‘@u}!\l\«J
¥."f""'"'."Y...f".i...T...'.-. -c-?-ooto-o:.--’-o.

N

i ® s e 8 e s Ep e

i

!

i
]
H
I

—



Table 6¢

SOIL
Atomic Collisions and Pair Productions

‘o 12 vt Ca™tos 2 PUNSYORINIT O O S O I M T e P T
Lt R L R R e R B s R el e b R A ARV VI

&

RAMG

121

o ‘cr-:r'!r‘t"(’:or C‘f‘C.FQPGDDQDCOCP"PDC‘PF’F‘C‘F1 TRCONIODC A D OUIOTI T O M ey O
(=4 L3 ) B ] l+0+++-&+t++$+*+++&++6*+§+++++¢+¢Q'+++++0¢-64§4.;*4.
LU LA T ST TRV L O PP L PRL TR SRR TRATC T T UV S {YWVRLTBA PRI PR T RN PV LR XY L}.;.l.'h..""l'db.h. (21N} AV RO PS TP TVL) LW LIRS FRITT:
- _N.,‘._‘ DMGHG U M=) Ju T N@m—c-ru'\ '\ »NC\._( J,.q'fu\mt-br\ﬂ‘ DT P pebatw M AN L 4
C TV 4-«'c:rvr*..n-on~"lmr~“h" JOE S LXY (Rl SN s 14 of = W NENY 2 J' N of R O R O N R S T e sl
D JWONP m 010 O v v bt vty v e ey e e e T RO UL U R ISR IO ML M M e v e
2% 18 s e r o v e s e e e tere s raricne e

(=4

NIINY=-TIT

"wuw

-
Q
[ e Ty
[7a]
)
L]

27 TM—-788

v 1 v s

}
PR S -—Ovn-u:cc‘r.:..:ol"cnnc’ Hc-“or'cr--:vﬂht_—» smoc ol IDOC IO r:lv-n:u-n:u:--- DD

[E——

| |

I Tt Tt =Ygt T Do T o ) "o.'c?ccc-'cu_c- wc-r-vr-r-';—ﬁ"*c-«mﬁc*‘c-nao;:nnvc- NIV DI T T e
G Drw . L DT
PEF LR e
DI Ly sy i
H L ("'-f-r!'l" ’c-r "‘“f"\.""" \:O'C‘-C\" ”'\.-"vC' - IS DG TR T L Y

MR o e P NPT TS T S TR 4 ok Yo Vad U0 P71l P T Y AP N s rrsmc‘.amau‘n.n:'nva“ ;r-'\r I3 e TN O e [Xay ol AVI T
P R B pAr el R SPF RIS T X TR RV NP ¥ (AN W Dttt Ol o 4 g O B3 ) LY RELTHIT ST N O oY ST Y B
--.1-..‘...1.-..‘0.l..o-gbv».ic..t.vp.-‘...'. -.-.....,...

i

::acc::cvc.‘ _)"'cvc"“raocr' <’=oo- ﬁncr-v>r*nﬂu: ooo - 7::{:' van':n.—-umr-; P Cren IR
L R A b 2 R R A X R A R A R I A bR e
(S RSA IR ULV TSI LY wirerie 'n-w-'m.-» 138 {0 "U‘.w-."-.'!dh LIV LS I PR TR 3V RV 1TS
l"‘lnN *‘\J\-h:-.r-c:c..f-uo.fnrdﬂn.-tvﬂmvx n C':v.fkﬂmc‘h‘ B WAL AT AL
AR D e AT D YT -Om"')v'\.x:'r“ ST OST B O
Ll AN T L THI AT s TV N UGN VUG LN
-

L R ---‘-vv-..&-

‘c f—'UC&-Jk‘C'ch”Q\-—U JCOOOLJ-IC‘U

AT ’.AI.L

4
I
i
1
1
i
¥
H

O N

CUBINOUW P IR poin P & 3

et Herc et mn e oo

virly
e

ﬁvulv’.-.-..

]
P vttt et v .—u—ﬂ.—nﬂﬂﬂ-ﬂ-—‘ TSP SN SIS PP PSSP JUFS SO g N
;c DOCACrOOOCUOCOLERCO ICICAOONOIICTCIOOGLILOCO AT S OO GAN OO

++‘+++++++++++,-+++++++++++++++++
St L M U B B IR G st b

!h"xJ'!."J'L-“.A_IIJh'LJ'd'UI Bt Lt u..ll_'L’ LA LAY U \3L~Lu'l""’J"'

LT O D el D IOCAN P s Y SR WM N P R (’Tm’fﬂ‘m"‘mﬂ‘ T O b el vt el e IR O
f\(‘JNM"‘""""“""‘P" l“i""l"‘“"""‘""“ leld """""’"""‘”"" e allatichalicliatial il (FUTE LSS 5 F gh 5 % S 30 5 U 0 0 K .
|f\_xl.\ (\'!\Jf\'!"(\ f‘l(\,'\ U AIOIOINTE caeiL O N IaA e "‘ [\ ’\’l\-ﬂ’f Y H LY ’V(\.ﬂ’.“"\"\‘Nﬂl(‘ LA S
‘ltuoo..o’-o.-t-o LI IR B A IR N LI RN

FORCIO O IR OO LN O
.-----_oc --oq--vq.--

4

SR

)

1

]
c _,I R | ,' i -
et U el ol e Tl o 8 JJJJLTJ St .::..,¢.r.f.r-:.r:4!-r.: R g6 NPT IE JE NN R I
HOCOoOoODT O e OC o CcC )ﬁ"or“ﬂc‘Oo e o:v,—_‘r—u:\-:c. DO OO T D, LI OO Dy
+*“+A-+-&++-+++++++++‘-&0+¢+-&+-&++'4+++‘++++x+++++¢-&6—+++*A+++
G wtidusieiidw sl wl ot Ottt i e b Pt il U e e b Wl ot tejrad it S s b 1
WO T N el FERMACHMIOTMIO N TN AT O = DM TN OO U PM O D rhD N Vv )]
Y A ML (M C PO et i T M M ) PO N N DT O w0 e 22D IO, c"m"r"c—c-,w.. .
CP MO OCT At A et A e v vt e et O OB O 04 BRI OO O3 NS T OIS QUG a1 B2

'..‘-.'1..'..-‘.‘...-.n.li.-t'..i.b-iv..*,'...l..l"‘.-’q

+u3

(E.
.6617.:1-01

i

]

i

! : H e 5 . ERE [ H
HtITTY TS mmmmmmmmmu\mmw lt‘lf\“"l?l."\l.ﬁlr!hml.'\'..‘\l" mu"-nmmmu" WL e 'J\i‘\{ﬂ L‘\lt‘l'\lf’ mmm ’J-\C\ﬂ

OO RO DA DD ELIOCCOOOD SOOI ,r:vr.)c‘\:\c-:)cc-gcc:coc,mpnmq

:+

(&

SNC—
S
T————

+++++1-++ ++++++++«++++++ f++++4-,-++++4-+++-b AR IR R IR R R B

st e i L R T ECTTTYINY LY ] ERUN T PR LV ILH I PRSI PR L

} 2L L T IINICIICT hTT PARNTIT R P AR O TN O TN e D MO

‘t:v—-qm."‘;tm-.:lh-o G- wdNepm n\nh. xt}"t’,-l\.:r\.cl\ﬁ‘.-rulb\ €N F G Ot VIN L wID MK O M YN O

U gt Y rsl\.h:\hrmma.ﬂz'c‘ﬂ‘o‘v(i‘o“—l -1

o »w a ---o-.--vo-v-.-..-oq
l

R IR R R
[ i

¢-----.Q'-. - -

..'Ih...-...
i |

3 | P
H Iy

- H

CTUS L0 BUD LD LR IS L B EVA A LD IS S
LI DI DTV S S O IR EDN Y
EY

,'.m..-.....o

<
i i
i A )
| 2 ; -
AN AR D LM AGAD AT 1O AL 5 013 340 C LD T C N AL L 1ML
DO IO .rt‘io- MDD D (- YT N O O ) D VT O
R il e
i rhy

4++++++++++++++++++#+++++++++++++++
'-‘.l'.."" LY P N R .

<N‘¢U‘.r\@k|\'\ﬂ"r"‘m*d‘d‘m\f g ‘P-nd'rvcr\k‘("
£t 306720 20 HO)> S T PN P CEAT o S vt elpu e M ": 3:""”.! .(' l.’-'-h [ R Rl ey
AT P VLS OO e\'\p‘_,gr\p.:'::".m'-'ﬁc‘ v irtrtfedved v it ﬂvl—lr‘_‘v'v‘iv'r"'""v!r'r'r‘v'- h—lﬁ(‘dn

L N N S A B B I AR R R I B I I A R N I N A A N R
B : L i

Yot 'v-l""r""' 0-—.14Hr‘1—|v—lrlv| h—h—h—!—-lv-'—h-'v-{ '\-h—h—"-'v-'v rh—h—h—'* va-I—lr‘wh—'-lv-?v-l——hrlwh—-lvh-O Jetetels
NOCIOCT I ICICI T TN MY VO eI T T I O Ty bre B Tos Yoo Dol S IRUE oY AR o S T S Dl B { -l o T KO
'_J+++ +~++0-+++0¥++++++++++4+*+&+¢-+6++4 &++-&+~b+‘--‘--¢+++-‘-+++0#f#+
. 1 B I.!u NUELRG AN D X1
3 1t TN oyt -t n
.\»\ Folslea nic oca =Y O J ¢ Feaac et
NI CoUBIRIOC U RECSC O R G QIT T A R ey B e
....v..---. L S N PRI B NN

§ :

Il
H
1
H
'

[RRP—

12
'y

R S L R S g N R A AT IV IO
IR LSSUSAS LAY AR TS TS ST oS Lt o oM o
50’.'-001-o']..-quo-t-.ago..
l
I

—-.t\mm’-ﬂ"n"')mr“w“nmmmmmnr'mhﬂmw)mv"')nh"mmv MM (M NI e e mnuﬂmmrmrmmmmw

LCOOOC IO OORCOCIOOC0E COQCRUDOOE IOV OCOEIC L DU OCDIDCHS IC o -
N+ +++-b++-b’0-0-#‘-0--0»-4»*++++»++00++¢*+*+¢+*&+-&++ FETOE E F S NE Arae
TR P TAT VYT VAN PO 7S I VYUY W TNY IS P TUITY BETT PORTON EYRT RT W TRIVRL PR PRL) [HFNSI R TRV FWTCR T I 1Y LA et b e b e ey
D OL OO DOINDIE CUIOL Wl O ste, Lo T ob Tn 3 Nl Y Gn ¥ i 70 N A e Thou 1 ) K [on X <Y uind X27 AT REY -t I LRy T T

(SCIEDEI T DI M P TGO N @ O SNT W m M AW I G DI 1M P X .‘-0(‘ 10 B U] S, L aal' 2o W Y5
G P rtrlri et feded e e vl et o et AU NN QIR USRIV IR PIM R MR M 3t 3 332 - T U

\_.--6.¢-..--...09—o.0--...-o'-.-’-.-.op-o.—-.-o-o-'-'.-..
v r : i : A N ' H
= [ H . t i ) t
i . !
| o * ‘ :
: | 1 ; ! .
NNMP|MMMMF)N‘P'¥‘MMMMMP’M"1ro'-'l"wl')h'“ﬂ"li\"rr)f' mmn)"—mrhmrﬂlﬂmw‘r- MF'F’MF‘MF"P’)W‘"'P\N‘F
AT I CHIOTCOCHICI VIO C R O ICCTIT DU D DS E) Qo 2L 8 O OO "5 1D
>+++ ht +r b b P bt bbb et ;+¢-++¢¢.b&4a.++++4»++++-b++++c-++¢+++4.+¢
A e ey u,'uh [T TP P ST PR TR} }l..ln (L TY 114 PRV I TY RS A TR L 43 LI E LTV IO PYA 8% LSS (SR RS IRE 1Y
CHUA IR A IR U D (L I G 6 © e Yoo T DC‘(‘!D”C'O‘)E"EC’FH""N’“f‘!‘)t'.‘v\‘.*
-‘:mﬂv—mrm"‘r‘ P RIS Tol TRV A [¥ o] S8 N o, sl o hT IR TR 1o e } .n.cb-'x(’ .-u\t"g-:f- CR7C D o O PNy Y
[+X+} ﬂﬂﬂﬁdﬂrirﬂ"viﬂv—‘v!r»ﬁr‘ﬂv‘vlv-it\ [ATI ST STAVY S VTN T Ve Rl ol o ¥ S Sl LN 1t Lol LGP B 00 L 8 B I B - A L N TR T
---}v-bo.c~,o-v.v-.0.--9---00001'.-(--.1-0.0’0-0\..-14.-
H '

4 [ i 3 H } ' i H H H !

PR

3

¢ H
i 3
i |
f i

Z




Table 6d

SOIL

ions

ir Producti

d Pa

isions an

Atomic Coll

~
<t
—
al
<t
0.
1)
x
(=]
~
L
[as]

s
(4]
=
o

AR

133

[

ON T DDOC 000 IO )OO M OO0
2

o

ol

NUCL

-
)
o
— it
(7
%
y
&

28

.
ooo.: i'c\c\c"‘lclmc".lcscﬁt‘i' chnﬂ’cv oc!'r"c‘
CErH oM OOOCOOULICOCITICDC O e Mome
+++~k+~b->b+¢¢+$*+*3+#¢¢++0+++*
[T 1T AT e PR VLTS L POy U U IV AU P ISV TH O u.h.’l:..b!'n.'
MR L GO T i T 0N DO v—tu\-.*.-mn;u.-(\m)
I LT A ) F I D D le!‘Nﬂ CJ;-—-‘""».Y\C!\-‘.’*,F_\
O FnEhimeuy m\cu.hu,. J IVl L Y e a2 )

* o> 4 000 LRI S SR ® o0 e v odoeows

I

b T Yee P X VI O -c.-;-h-b-:.—c-.—q‘-ﬂ,-—h—u.—n—d-—a—-!,a
A O T IO 2 QN CITRDCIC S et T O
+ ++++-+++4++++++ + e
e

[FRAPSeT T TN LT ST PN ] Lty {EP TP LF 3 P R T
% 7+ SN s L akVat ol N 11 T(\.kﬁl Lt

-TN"M\SU‘C’{‘C"H&-!“H‘"\.‘N‘MN‘{J T Iruitang
ST TO 0 A vl v et vt bt v v el e e d el
® @ & 2 » ® 2 ® w8 ¢ b 8% e ad e e s g o0

2

i
4 ,
* . :

=
c'—”crrocod (= R b R B D akadadiaba ke t o b B P R

R R R A T e kR Y
e Ly [§ CIETPLINET™S CATIE P Y DAY D T T TN TSN Py ]
% 3 CHDCIN IM OO vt P DI e OO OO
_J.\grr. ST HAI N TN OO At IO T RS
2N D7) D TIC] T rtedrd b bt vt At el v bt et o

e s drestoeedenadesan

ettt ety o bt e A et e e e e e
}GC’ ‘IOACTHoo o ‘accﬂ DODUICTOOI0

R R AR R R R Rt R AR e
P ETMIN IE NIEN DING (PP TS TR P3O VS S N T TN

Dl Ll L Bl R T IR T gy o

-t
-~

PR N SO LY
[

(&

Tam R e B AN SN AU AR AT IV NSNS PG N
[ g B U S L% I o g B A g JC N e
NFASEIOTG RN O IO GIRIA O AR NN
-..?..l"..i...9...!.‘...0.

0 IS g L £- 2% QU B I 25 E = 8 SRUJKC PN JX J L L O o
AT IO ONCM DO O OGS OISy
SR Rl R b++++++‘**+~+»*+4+¢.+++
PR TV PRTRIVY § DY PVETE] PRV TTCI T TVY TV TR P YEY DT LRIy HT 2 PR TYRITINY )
—~ I 32O AOCRTIAD FMINGC T TR 00
Tl s e, F-Ju‘\ﬂv\a‘d O g 0
[adael il o3 R QK. K G JRYJE T NU K R T S A L I TV (XTI Yo
-vo.v—.-ioo.-.’»'--.I’--a ...
,-vwwu.:ue.ce\e-c\omm\c\.u.xc.o AL 0D 000
A,AOOOCCOSIDCONOOCCOOOOOSIT OO O
E+*+++++f+++++++++++++++++++
[ ERUIRWELTY (TR STRLIY LSS UG TS (TS TR LTE IFALINAIS N0 U TELNY  FESVSAPET F) VR P T
ﬁF’dJNO“\L‘ﬂ“""I\TﬂP"\C‘“"! TR 0Ty
POt (OO P P P PN GO SN N

v-‘v-lv-lv-*-r-l‘—lq—h-lv-‘v-h-'v-h—if-!vh‘?ﬂﬂﬂﬂrh—lv-lv-h—‘--"-l
--..-.oﬁ-.-o.-.-o-.q.--Y'.qv

1ot

N

i
!
!

]
:
}
.
"
o

--...'D\..\CLC\(\D LoV RYeqY o JULY X o ] D\L\O\ru.n (gl Vel o
COCC OO PTTIOCC O IS o
AR TR I g

§ LIS ENS SRV TS LYY TN !

i
i o TR | JNPNE J'ﬂ"br_!.’\ﬂ\.cp‘,r\m
WOCSN e O er e |P'I‘)V“‘,f infan
e M SISO LOIC MM PNV 1)
...‘[...,.-.f...

.q ! fi

(}_.4-—:.-.-4 P ettt | rl.»l-—!,-?w-v-nﬁ P T Y T
TomToo: sr-r*r—v Sa e Dy Lo R P :"v CYTNON IV

St NFTES 1) ;‘.n 1 “.u
”-.m\. cpr_nv N AR N h Nl iv ] oad dagn,
[ W AT A 44:;( [T THETEITARTIN S N S rr-=:.0 e o

AV RS S RN M MR RS T M Y MR PN DT VAR VT Lty

"?.vov¢.otooor-v-p---q-o.1..,
. i

'; i : { i
= [

—‘MMV‘M{';M"”MV‘”‘Mr‘l""?")ml“l""\""lﬁrf‘ I g 3
OO OO .S COCIOC: JC‘C‘C)I k]
R R R R R R R

D b b wteUiluio o b2 g Tl WSt e e Wl |

WO L OO OO T ICOUOE DIV WAL,
QAN - F o TN FCCER (B O T OCCCC e
AN SVEY INCRVERUE] N 5 N N B SEVER oLl B Ko T X s a0 ol e B R e ]
o-.a--"-v-von- .--‘p.--"-..
1 ! ! i i
: l = i
! oo |
!
b ! : !
mwmrrnwmwrmmrﬂ M‘ﬂmw’lfmrrrbrn rriary
o~ LD €S I DI DD LD T T OCIOTH IS IS
>+4—+++++-§¢+++++ FYE R I RN A N X 3
L bt PO TR TP LIS LIV P 1Y LT PO
1DOOOC) R e PRl el T XL ol ol 5 B o B
L daah AL YIS RV R, ol rm T W IV "ol ot 7 A U0 YR ok ad AN SV R 23 Sulloe Nen X 22 )

‘U\Ful\qW\fl\Nl\hf\.u)ﬂ WX XTTFCO Hrtrirdeied
-n.r--.bp-. -o.bo.-...o§...

TM=786



Table 7a

LEAD

ions

isions and Pair Preduct

Atomic Coll

70X CANTI RANG

TABLES

g
4

ceE

MUON

! [ ! . ! ] } t H § !
stz rI“Mmrmrrﬂmv"mwmmr-*»mmmrmrrpn»» al ol O 8 N‘Hrrﬂrw& NN(\ ol .
{aad OC‘L“C*ﬂCP‘h_M‘Jr‘hC ocore r\f."mc'or-r'c *C’C’:OD(‘C"C‘C“ fe el i el f Lok o DY o ¥l ¥ e e
nt LN LI R I T O R N O O O I B B Y I S R B B B E R S RN I I N B R A LR I I I B T I
e H QN T T N S A T M Y | T T P P T T P T Y U TUTEN N TRATS TR YO
) QHO I 2RO L T WD ™ T I G Dvt FO LA M LU 0 F il PO g6 Nu’rs_vonl‘;,
Y M T OM A TINN O O N A S O VT AN LY DR R S A 0 e Nl 90 RN TN D AL Ty S e v IS
DRI IOAO N T bttt f e e MO RDSOIN MV T PG
= 5 8 0B B e 0 s B Ve Nsesssee . a2 » o v aederares e
.
_“"MV‘N‘N‘P"‘\V”‘F"F*P LU % N'\H‘v“'t\'l\l{\ll\)ﬂ't\,'\tm
<l - GO WO 0L MO DL IS TN s CT D L O DT O
e , :lll'l!lvlll,Ill'btl|||"||
- N TV PR T E PR W UL PO PRV TR T SV R POR S TR FET R B PRTI
e I AUsTr gl NG ot ot XTI SO TR E stV I P I ]
[l X . . . FON e e vd TRSO M LTI A e 4t v (OO A L PO T el P Ry 1s 2
| - : . PRt Rt LA PR ALY FTNT SR I ST I L e e B B e N R AT Y I Y Y
AT v o @ v 0y o0 oipe o9 cneoaioe * RS MT P e RS e s e s P e e, - bs s a,
0 A LD e D CI D O i O IO YO O e OXC T - § H
nlx t H
o < : i
> ~ i H
o T N !
o : 1
LGN . H
ot > M - i R
st ’ } i
75 | R !
ia N : . - o
CHl ® o b ssdrsr vt rsesee s cre TR » - L R R D LI I S g
\.)L::Dc;-.:cooauncr: "QQCD'-WOOC:D:‘JODQ-,)O’:JC)QOQ DO IS O
-lv-(v"r'ﬂddﬂrlrk-ld?lv-‘ﬂr’v‘r‘ Tttt et e e et v-h—h—'ﬂﬂviﬂﬁvﬂv‘!"‘—!r‘v‘.ﬂv—‘ﬂ?‘ﬂi—tﬂﬂﬁﬁ v

D L e L Ly N e

T

T TO!

CHsni
3

.15?0?99’.;50

03040230 °on

Y~ TN |L"C1’_)‘_JG‘DCIC1'JUL"C‘ DI DIOC YT I - LI EY N O O DD e (30D € L D OCHP L ICIETI Y . I Y

29 TM—-788

ADC OOIO OO, OO COOCC: e COoOoOC O TOoOOOADD O IORCIOO GONICICTEIN OO S ey
++&¢+H-&&+++++++0++++++++$+.+++¢!+4++&-§++‘+¢+5 E R I SR AR SR T T G SR
Lllul.ul. ey bt U e it e RARILEI VRO TR TRLFRITPRSE [ PPV TR FRARY { CRa T L TR PR SR LTV 1 ES LTELM LEY LIS T P M 1Y

'\J.\‘.:t DO 2D IR DN 2N i Y N LAl o S T T T L gl XYY o W e L L T :
[ satt T Sl N X R R pulf S o C5 Jr S i i P SR S N S NPRID Y 91 ST VY S TR ST Y 0 ")DWIV“PMP'MM!'JI':-\o-
el D e b e e E e Dl D B R e D D et e B R R e e e R Ll R b Do R D IO DR PUr D Jet |

-.-..--.-o;-o--io'ocinu-.--.--_‘-.4--'.o.-ﬁb..-,-.-cq-.v-nsc..
y i . B . i
, ; O
[ . ¥
11 . = S
T ’ I‘ L o N - i .' .
oo ! .

U AroGE e ooc oo o cicoccovoaodoridrlidviel ﬂq—h—lﬂv—‘v—'v—l—-’v—'ﬁﬂﬂﬂﬂv—‘v et
e | 14:3:'100"'0 )toﬂc‘cccc'c ;)DC'QC‘-:):DH OO COOICO PO O CICTIT Y D E ey T TG I 0F 20
Ik IS g At i R g L R I Vo ;+++++4++o4+++»+++++++
(PSP Y LT TOETY SPUTOL T TV YO TEIPUCP Ty YOI TR VL VEITT O SOE L RT IOV TN T LIS TYSTIEN T PN M M T T O NEN TN T O MTIE N e
i Ju\.cmtulh.ddﬂrml\mrst\.w 10007 w4 = O D MO OO M T D AP D Ot e Tt .ru*-nh,«:rr

J AN O FRC v PO =T C Ol OO GRS OCR CON R vt ity TSR @ C R IR O P X op |2 o

Lt 3 LN v e N DT UM Y "):r.fu"muucn's:t‘ncmu‘.—cﬂﬂ—o.-qﬂ—l-h-h-c-r\lr\NNA(\-FMMN‘:J T X

. 4 LI > 2 e d v,

»_-o‘g.-q-‘.._-.n....-in. Ser e rreds e > o v e v

i ] |
,"-'...';,4.4.4 FEERT AL VTS EYT ST mpm'(\:t\!r '\mil\'r. [\ LN ﬁ:a:o-nfr-mmcinm:t\'eln'o:z\tmwravr—' s}
—~ S O IOIC T DODDF‘-%QQOL‘QOC‘C‘L‘IC IO IO S YOO OO LTI
7#40+«»+‘+++0+++-b++4+++++++++¢++++*++-++4~ R IR S S L R R
[RINUN TN I POV Y R IRTET ST T L_'J"Us.lh.’ d'x L.Il.'u’h" bpan il J

e L OND YOOI g et [ S M TS LL S YY1 o W
PR PO 3 v F G A OO TP T HE Fe X D0 M U 1T r-nu.ru\r“o DTGl TN e e P ©) OGN Y
-
»

.
t
i
)

.|:.rUJ‘-h—|('.F"-I0 TN O O (vt et el vl o ) AT R QI OIC MNP M 3 U NS I N RO O et v Smivi o

‘-ool--.vtbnn‘ooonﬁooiu.--oov...-,t‘--0__,~-o_--0.vv_-o-—.-
\ i . H H .
. H A . . . . H H
i ‘A i i 1 O R PR A o
17 T O ] } H
i : ; [ 3 §
" ' i i 1 : ’ N
~ F I : ¥ ; : i : i
Gt OO C I B I CT IO :MN‘N‘H‘MVJP"P"MMMMP h n-“rv—r MRV PN I e 8 ”‘N‘Hrﬁ-f-t.. 5 2 25 6 I g 8
Rl v aeg ol -C‘f“m"eﬁoc'ﬁccvbc‘soﬁ [-al =i lon Lol op Eod ¥om Fonp ¥ vui wend '.'le“csc‘ F L=l ok el oY o] ol iy ToneY s 3

[2icls tmlalalat={alaty
I+ EIE I R N R

++++¢+¢+++++*++++++++*+++4+++++»*+4++++;++-&+
RO SN : { sy --., R DU LRSI I Y TR ...n_ LTI IS WY RIFRIFIN N
i’\vt-‘.‘r.ll!‘rl O "vlo‘ ] L‘Fl"‘\o\ﬂ‘q-lt\.' Cledetep™ 230N S e im0
cr'."—cr-_rr T ey F O G gm.—wovh.‘r OGN N PrIC For MR i s 6 D e g
N 1 e X it vl vt brd = e 1CI0000 QUREMIMT PEm s & Qe OO DN o rﬂmavy‘-n,.ﬂﬁ..h-avo
.-—-.p..(.-.'.v.-'lv..o-qb -’--.q-n.‘.t'qt-.y-.scu.. e
H
i i

i S

Crtvletetvdcf et rletrdrt vt sl bt tr b e e o b e Tt = ebs by v—l.-lv"v{r‘v!r‘-'—‘rldr’v’v'vl-b trtvtefebot
progll e Lowt Lonf ~n tud f»“‘?:‘d")?.‘t‘"‘ MO TETDDIC DO IO SOOI DI T I ST T T A I
++->+4+++++¢-+j+l+++-b+++4++++++‘_+++-&,++++ A3 AP A HL

e e

n

O+H+ b4+

LN I DTN I TR I NTND TN L T L srobl RIS D
o Fere SF el AR ] et 08 T e N~

WY L0-die ks (\.NNi\ wlravrt. trv-v-h—n—u—-v-orﬂwﬁv-{v«a»-rlru-u‘ lv—l(\.t\.N’\u\u\A SESNGOP P M I
I T B T B e B B B B B B B B L e B B T B B i T L Lot T RO P Y g PRt

{
o~ e :JioDc:'__'.it:\.—.»ocv IO T CTLNCOEIOOE D OO OO )mr»m.-—aﬂ«ﬁ-;—v,o-—c«—uh—uaa
COOOOO 300000 IITITL OO L (T o= 1 a= I & P oot ] o P Y =) ACTICILIT DO I L O HIHD OO
\| IR T R Y Perarararere N AL NSRRI AN N R

2TV AT PEITE PORT IR TR PR USSP TR VIO ULV LY TR PRV PRIV LIUS TPE VR TV TS [VRY TELITIVIR PRE TR LTV TERTIRVWL K1 TV TVR TTRIRY WY | WV DI UL T R PR TSI TRIVOR TPTNTY LRI

(O € 3 BT O ML O IR IR UYL F L, OF e VS I AL N @0 P S W e RIS L G DL

LR U T NI G D C et g 2 W @O N G w IV N b F P O D I OO S e R S W el T e ™

""J\Q(l‘ﬂv‘r‘q—hﬂﬂﬂrlv‘“'N(‘-l(\'ﬁ\ CsOUCDMINIEM 3 3 J 3 WD WW M T a0 v edvtrdc fotvied vl b QRN

LR IR I R A TR A I I R I R L RN BN AP 2 I R N R B B
‘ ) . ‘ .

:—-10.-:)-9--.-v¢.~.---.1--. I I T N [ I L T R O T U PO O
o i ] . ]

o !

L § i t

=l H \

= i ! | P !

- i i A ' i

' ! i i !

H i :

f

[P

rdvlv!-—lv—crh-dv-'ﬂc: IO IOO omnm-‘n»nﬂoo AT OO OME D v‘icv.-h-l.-lw(v-l-b-‘vi*

>0t et |¢+++4-6++§++++++++x+++¢-o+4¢-+++++-o6‘&+++++4~+~t++*' 4
[P T T TRTY 1% ! NPT AR TR TR T STVR CF T O PRUTWLINI BY CPRRFR DU P S PP IR L) [RUSATHUE L S ] it
eI e " J 2 Y20 ¥~ h il [raul e {5 4 aa vl -c’ﬂ"tw._ [l Sl ER L oad uiged s Krad al ol ~ol gy -
e CHYPTIC DI ONMT CL A DT I ‘r-r\n*n’nn'.}u L8 T O TR0 OO G OO C R R L £ b O 2R TS
TN I LN C vttt | v et et OO NN MV 3 I RN e A MO Ot e et i T B T
'q-.-'---r—;---oonnotiouoo.--t.-ogn.'bncoiaonn-oov-""

I e T O A T e

~




Table 7b

LEAD

Productions

ir

d Pa

ic Collisions an

Atom

o
<t
W
)
R AT DY I 7.1.3?4\.) Fal =t gl NN -...\5_:31\)7. w.l.]l) M el .J..J7a71 +mpd
o 1.1.?9_).7? DN TN ol g 00 ol B SO JUSLT o1 Py rn.r.:U-(:n3041.1111.1111.17.7 [ PGS 29 :7..{1._. LRI Y T TR T I
Nmooocuut.ovovoco-.c'-va-va-Joov 'Q-rva|'\rvvvvv|-atct-vo
i . :
| s o
- 222?22211t1a1111.11L11111111111111ulﬁﬂﬂﬁiﬂﬂJ]]J]Jllﬁi?G?
@ iC ey CAC OO0 LD o ﬂ.ﬂ._«uﬂ\.uhnv.cr.r\.(ﬁunnn. P CF T I LN D
o .... [ 2 I I A N ..........#.v;.t.’;..#t.rt LI R I AR O L B R
S INTE RN 15 [P T Y TR S F I TR PO SR PRI P L 7?...&: LSRN T3 ] ey b4 e
<1 i Ar.vﬂﬂ.ﬂ;)ozl?_;qxl 17&.0-.&5h\.l£.° B gl RUTEE B~ Nlad L] {5l 1 oy
[ R LAY L o W P IR LV gl o '57 :/o T A AN D O GO T Q0 Y CTE e T BT IO IO A
=ttt Jrﬂ-l..\)‘nq;w..lillll..llﬁ IR DTN IR O T i bk DB Lo B ol SSF o DO ST A AR ¥ RO S BASTy
pﬁsiln.0!-lllll'ul.'-!vaaivcit.!ti-'lv vv.t:!tl.ttl‘tt!cntg
acv) | i I § i : : !
o = i | i ] P : : !
v g ! i ! oo 1 :
x N : m ! I | P i | i
[l L H , ¥
E o U Lo 1Y 2?.’.? 27..11.1 Lal o2 R .1.1.111111. llllllﬂﬂ.nr.gl.Jn.PJ)no\Jw ‘ﬂ.ﬂl.Jnvnvnxﬂ.nv..uﬂ.n.G
LONCEOCOPACCNIOODCUITL S DO OoOODO0: ¢nonu—n-ﬂ.1u\_ﬂJnlep|41)]0nJUnUn¢ YeYTNEP O T D T Oy
cix>t 119 0800 ! L RN B SR R an b b oF S R 2 S 0 SR R
Qo) L FSUNITE 1Y i LA .1- (T4 l......t _r. _&L(i: .m.h.L L_u.. Priep!
FiM AT DX
[ SRR ==Y SN SR 1 o] VAT & 07 ...?..Uu .((.4 .73.?.{0 MPI,
O™ A 2 (T RATMAN e Ll el e L R i L R e e by
Tk} » o « o »n * P e > -
o i ]
4
3 P
Lr4 B
- . } e e i : [}
T2 et 1.1111.1.4.11111.111.1111.11..11111111111111111 ..1111.11..111.111
O ioocrioe SDBOCIOQC IO «uﬁ.ﬂ.qrhnuﬂ.ﬂa DI R OC e OO
T....Iv#.v......v.... LI 3E S5 K I N AR A I S N R
[ R TR WR T Y TOTTINT IS PV 109 1§ Yt 228" ; YLPNTSUS SATNP LA LTSI PRI I T IRLSL IS
— 7.:11..9-.36V.ﬂ)gi1311 3! s NP SRR S o i e
- S . 1+u%k.h.:-gqq:«_ﬂ~75.755—h. .n!unh.n.ﬁ'nc'cn.ln h,baﬂ bph7 77777 o 777717777.7&..3
B B B L e B e D D R e e R B R e e B B L R e b s Lo R R [ENFETIETE IR iy S
[ N 'Qlltv'lcﬁhl.lll.Ovttl-vattv.Pll-!..ﬂ:t.ﬂi"loit.
(& ! i i : P
" Ly ] .
X _ ; . | m
: : . _ - P h. i
N 1.1.111-1—.-\1 e e ten: ?m?w?.?_ ?222??&?2??29~?2H&? (VY W3 A H o ?922ﬂ5)v?17}7. M)

B R D R R R L LT L e,

Y0 1 TN

De/0X=TOT

1111111111111.1111 1111112: ?:.::29 ? ?29:/:,

"l

(&esﬂ?

oane ./.9.7.7:/ [N\ ?7.?):» >._>.?7.—27.?7 O OGO b h et o

Aoon. iDoo: 1Iooeci oo OO  IOTIO TIOOO LTI e J.UJ:U.UnU DOV L T OV
R N T T e thE A FEETE LSt .T.rb?#.r#.r.fi.....vtft*t?i.vibv....r
L b Wb d i e Ml Rt e st bbb " B b A b ] 2 Bt oo b b e s LT St wo s i Wi witsi s ity _..L.F TN
~— OGO A L PO O M A SO AN R C IR = N OO AP M T MMM e o 1”0.7.52.?.an7?,th
M ety +R.9.5Q,01.ﬂ_1 S F TITVAE MR- s pRT N VST Y T S STal ofl ST (LG N ﬂ.)ﬁ.n..il?-!vt?p).}.lﬂ 0
G.s.bf67755390}9111111.111.112???_2233.(,31. JOR K {Y Y11 W bb,n-l?.?ﬂaﬂ.g«..illi

S 33??331‘1‘5351 e 7.1.331._.\4\37.?.1337.1.3 -

(R Y A
[t H.++v++++++++++...+%++++,++»+.1¢++++++++f”
el R A TR I TY [T PO TS ALY TERCPAIWE S LXUM TN 1 1 S UL DUy PEIOY LTV TRSPRLTY DU L PRTTR LYY LY )
€T & et T O B D P DA FICATC IO P AN O TUOOIT R 30N D om0 CO R TP U T u;nr?h_
o CIN OO0 FIOW O I el PO ATV LT P O O I D FIDCI g PP :67&.901] DI =T N
T TN T N T X L e T el Dl R g N E B e Al B e R e T A b o D N M S AT ST ST S Lt e 8
utltvtiqoiulvcvlovolt'otvvc.q"0..l!.on..!.tv.l.l'lli#'vl-..

H _ i m i

{ . t

! ~ : “ i !

— ! i i

e FeFILFLITITTI ST IIDNDEGGE 5555&... LD I A L T A U 5.%%5
LA NN M OO O OO R O DOMEE OISO QT DS IO IS QIO G DTG IO O s
= AR et Rt dh T chdiasts t+++++++?+t++++++#+f++++t
(A3 LOLUEAEY LSS LA S A TR A (DY G 1N

~ 7......3(;.@.1%.,978991 [at]ead IVt sab Y] .%3.

= [ o I J Lt s 7T Ol o B o SR | L o g L
(L2 3332“%%53666(77WQQilllllLlllli?qn N L 4
-~ . » 5 a8 v eedssvatesrsreee PR rrssar LA !lt@c'vo,-tc#

At et .lil.l .1.1.11.-.1.4.1. .114.114_4.11.1_1.17.4 vioded- —1.1.1.1.1.17.1 virtrt iz e byt ed ot v b o
IO pmaoC OO a0 I DEIDCVGT O BSPEEE HITIO Oy RN O T O S0

ru R nL/.LL: c,r:.c.aa [SERTRRY SLVGYV AUVt U L IURRCE (N SN ./_v 7./4 o, LQ TTGT Qcc
Ayt et bl rtetedy brirded b ed v v e v bl oy f s Lt vl et v e et vl e bt et vl e el v lod ot vhpd v

\r111-1...1.111.h111.1”11—1.1.1111 111?-7:{2229 ~ 7-?.9.-?7?.(2?7—9 2?20&??71’-227 o
C.Lnuﬂuﬁwngnn.LﬂunUn.hnn;ﬂ.ﬂanb.LCnu-UGnhﬂuﬂ.rvdnupﬂpeﬁn-.lf'\al.r.ﬂ.nvor.l OO C ORI Yol
D R A X E X R I R R R R I I R r++t#+.v.vf.¢t.f++++++ L

P - T T T T T T VO T T LT A T Oy Y [ TS LYY L N TS T R PO YUY PO WOTIVE N T RLPRTTS VRN YT LT A IR TPV Y TR T P 1Y
..rDFCU_IJ.Iqleol...uC-L.Lﬂv,UP:Jr‘nbﬂ:bnu.llall1.1.111.111.!.11.1.1.111.11.11-1-1.11—111.11.1.1—
r:::-/ﬁ..lv. [0 7".11{!,47 < 154-(‘.5 1.'».1.&,019 LA RV oE S Y o h Ll W R ol

30 TM—=788

% j ) : J i ] | j _ ] i

et ettt rdad ot il v e 'l‘oﬂslllllllﬁh

11.0'1-a‘vtl'0'oo'l-vQA'-vlcvvdvno.

i

T
COOCOCOOOCH Y SCAOOOG T OO IO

i i oo ! i
: o .

.

-

|

]
:
}

_‘ | o I R R T |

M&+++++++*¥++++.«+f++ff+ ...++f.r+++.++~.r
Sl 3 . - Lt
™. o\‘l)lvl 1.,2).,

C e
i

o m P S i i Foy
AR R T R B RO B R

m | - m "

-‘..M-q-'oc-t!-vot-', ocno'clicuvo-'-nccv»‘0|
Y H i

"l"‘.‘.'ﬁ.III"‘I.I.'I‘I'.C"‘!I.“.".l..'l."‘..
; H i ' i H H
. ] ! i i HE I

H ! i

“m_ m._4 M #w B b

vq-,v

on —/.27. nC);l 7.57 9.? a’ e .):J 2?:1

QFJ_‘.\dn-n-‘ant-ﬂJ\J]r:anJﬂlaq .lln.ﬂan
SR v NIA FOule 7, 0000 P aen

QU N DO 0_798)

M AW GNEF ¥ A AT O P G B SN RL TNl A TCHET 3 N0 ML O:G.l.l‘..lld.:ll.il?? SIC0 M p T Iy_.c- (:«77&

.||(v'||.!OO'-nc.-ou...noliilvllllltlouunol.-ollnotiunnll



Table 7c

LEAD
Atomic Collisions and Pair Productions
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Table 8c

URANIUM
Atomic Collisions and Pair Productions
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